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(54) NEW METAL OXIDE PARTICLES AND APPLICATION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new metal oxide particles capable of efficiently utilizing the 
incident light without radiating the light out of the particles and capable of improving the photocatalyst 
activity and the photoelectric transducing efficiency. 

SOLUTION: This metal oxide particle is formed of a core particle and a shell layer formed on the 
surface of the core particle. A mean diameter of the metal oxide particles exists in a range at 100-3100 
nm, and the refractive index of the core particle is higher than that of the shell layer, and a mean 
diameter (Pc) of the core particles exists in a range at 50-3000 nm, and the shell layer is formed of a 
fine particle layer formed of shell layer forming fine particles having a mean diameter (Ps) in a range at 
2-50 nm. Pc and Ps satisfies a relation that is 0.001 <Ps/Pc<0.5. 
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CLAIMS 



[Claim(s)] 

[Claim 1JA core particle. 

A shell layer formed in the core particle surface. 

It is in a range whose mean particle diameter of a metallic oxide particle it is the metallic oxide particle provided with the 
above, and is 100-3100 nm, A refractive index of a core particle is higher than a refractive index of a shell layer, and it is in 
a range whose mean particle diameter (Pc) of a core particle is 50-3000 nm, A shell layer is a particle layer which consists 
of particles for shell layer formation of a range whose mean particle diameter (Ps) is 2-50 nm, and Pc and Ps are 
0.001 <=Ps/Pc<=0.5. A certain relation is satisfied. 

[Claim 2]lt is in a range whose mean particle diameter it is a core particle and a metallic oxide particle which consists of 
shell formed in the core particle surface, and is 100-3100 nm, A band gap of an ingredient which constitutes a shell layer 
is higher than a band gap of an ingredient which constitutes a core particle, It is in a range whose mean particle diameter 
(Pc) of a core particle is 50-3000 nm, A metallic oxide particle satisfying a relation whose shell layer is a particle layer 
which consists of particles for shell layer formation of a range whose mean particle diameter (Ps) is 2-50 nm, and Pc and 
whose Ps are 0.001 <=Ps/Pc<=0.5. 

[Claim 3]The metallic oxide particle according to claim 1 being higher than a band gap of an ingredient from which a band 
gap of an ingredient which constitutes said particle for shell formation constitutes a core particle. 

[Claim 4]A substrate with which it comes to form a metal oxide semiconductor film (2) which has an electrode layer (1) on 
the surface, and adsorbed photosensitization material on this electrode layer (1) surface. 
It is an electrode layer (3) to the surface. 

It is the photoelectricity cell provided with the above, and, in a metal oxide semiconductor film (2), at least one substrate 
and electrode layer have transparency, including the metallic oxide particle according to any one of claims 1 to 3. 

[Claim 5]The photoelectricity cell according to claim 4, wherein specific surface area of a shell layer which is in a range 
whose mean particle diameter of a metallic oxide particle is 100-600 nm, and is computed by a following formula (A) is in 
the range of 10 - 200-m 2 /g. 
Ss =(Sp-Sc-a)/(1-a) 

(Ss is the specific surface area of a shell layer among a formula, Sp is the specific surface area of a metallic oxide particle, 
Sc is the specific surface area of a core particle, and a shows a weight percentage (%) of a core particle in a metallic 
oxide particle) 

[Claim 6]A photocatalyst using the metallic oxide particle according to any one of claims 1 to 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the metallic oxide particle which has the core shell structure used suitably 
for the metal oxide semiconductor film for photoelectricity cells. In detail, when it is used for formation of the metal oxide 
semiconductor film for photoelectricity cells, it is related with the photoelectricity cell and photocatalyst using the new 
metal oxide particle which can improve photocatalyst activity, photoelectric conversion efficiency, etc., and this metal oxide 
particle. 
[0002] 

[Background of the lnvention]The metal oxide semiconductor material which has a high band gap is used for other 
photosensors, accumulation-of-electricity materials (battery), etc., such as a photoelectric conversion material and a 
photocatalyst material. Among these, a photoelectric conversion material is the material which can take out light energy 
continuously as electrical energy, and is a material which transforms light energy into electrical energy using inter- 
electrode electrochemical reaction. If such a photoelectric conversion material is irradiated, the electron which it was 
generated by the electron in one electrode side, moved to the counter-electrode, and moved to the counter-electrode will 
move as ion in the inside of an electrolyte, and will return to one electrode. Since this energy conversion is continuation, it 
is used for the solar cell etc., for example. 

[0003]A common solar cell is provided with base materials, such as a glass plate which formed the film of the 
semiconductor for photoelectric conversion materials on base materials, such as a glass plate which formed the 
transparency conducting film first, and considered it as the electrode, next formed another transparency conducting film as 
a counter-electrode, encloses an electrolyte with inter-electrode [these ], and is constituted. If the photosensitization 
material which stuck to the semiconductor for photoelectric conversion materials is irradiated with sunlight, 
photosensitization material will absorb and excite the light of a visible region. The electron which the electron by which it is 
generated by this excitation moved and ranked second to a semiconductor, moved to the transparent conductive glass 
electrode, moved to the counter-electrode through the lead which connects two electrodes, and moved to the counter- 
electrode returns the redox system in an electrolyte. On the other hand, although the photosensitization material which 
moved the electron to the semiconductor is in the state of an oxidant, it is returned by the redox system in an electrolyte, 
and this oxidant returns to the original state. Thus, an electron flows continuously and a photoelectric conversion material 
functions as a solar cell. 

[0004]As this photoelectric conversion material, the thing to which the spectral sensitization dye which has absorption in a 
light range was made to stick is used for the semiconductor surface. For example, to JP,1-220380,A, the solar cell which 
has a spectral-sensitization-dye layer which consists of transition metal complexes, such as a ruthenium complex, on the 
surface of a metal oxide semiconductor is indicated. The solar cell which has a spectral-sensitization-dye layer which 
becomes the surface of the titanium oxide semiconductor layer doped with the metal ion from transition metal complexes, 
such as a ruthenium complex, in the Patent Publication Heisei No. 504023 [ five to ] gazette is indicated. 
[0005]lt is important for light conversion improve efficiency that electron transfer is promptly performed to a titanium oxide 
semiconductor layer from spectral-sensitization-dye layers, such as a ruthenium complex which absorbed and excited light 
in the above solar cells, If an electronic transition is not performed promptly, there is a problem to which the recombination 
of a ruthenium complex and an electron happens again, and light conversion efficiency falls. For this reason, increasing 
the amount of adsorption of the spectral sensitization dye to the titanium oxide semiconductor membrane surface, or 
raising electron transfer nature in titanium oxide semiconductor membrane is examined. 

[0006]for example, the time of forming titanium oxide semiconductor membrane - a titania - sol is applied on an electrode 
substrate, it dries, and carries out by repeating the process subsequently calcinated, a porous thick film is formed, and 
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making the quantity of Ru complex supported on the surface increase is proposed by porosity-izing semiconductor 
membrane. Calcination between titania particles is performed at the temperature of not less than 400 **, and raising 
conductivity is also proposed. Furthermore, by Patent Publication Heisei No. 51 1 11 3 [ six to ], in order to make an 
effective surface increase, dipping in the solution of a titanium chloride or making a titania film accumulate 
electrochemically using the hydrolyzing liquid of a titanium chloride is proposed. 

[0007]However, in these methods, in order to raise electronic transition nature, titanium oxide semiconductor membrane is 
calcinated, For this reason, there was a problem of porosity falling and the amount of adsorption of spectral sensitization 
dye falling by sintering of particles, photoelectric conversion efficiency was not necessarily enough and the further 
improvement was desired. Then, this invention persons have proposed the manufacturing method and photoelectricity cell 
of the titanium oxide semiconductor membrane for photoelectricity cells which improved these points (JP,1 1-339867.A). 
[0008]! n the latest photoelectricity cell, raising the amount of adsorption of photosensitization material further, and raising 
photoelectric conversion efficiency is called for especially. Although what is excited or activated by ultraviolet rays is main 
as for the conventional photocatalyst, Activity may not necessarily be able to say that it is enough, and in order to raise 
photocatalyst activity further, the capacity factor of ultraviolet rays is raised, or the appearance of the photocatalyst which 
is excited or activated and in which it deals also by the light of a light range is searched for. 

[0009]As a result of inquiring wholeheartedly that an aforementioned problem should be solved, this invention persons 
under such circumstances A core particle, It is a metallic oxide particle which consists of a shell layer formed in the core 
particle surface, the refractive index of a core particle being higher than the refractive index of a shell layer, and, when a 
shell layer forms semiconductor membrane using a certain metallic oxide particle formed from the particle layer which 
consists of particles for shell layer formation of the range whose mean particle diameter (Ps) is 2-50 nm, Since the 
refractive index of the ingredient which constitutes a core particle is higher than the refractive index of the ingredient which 
constitutes a shell layer, The light which entered does not come out of particles easily, and it is used efficiently, and, 
moreover, shell, Since it is a particle layer which consists of particles for shell formation in the range whose mean particle 
diameter (Ps) is 2-50 nm, it has the meso pore by a particle gap, For this reason, when the diffusibility of a reactant or 
output improved when it used as a photocatalyst, or the diffusibility of an electrolyte, ion, etc. improved, and electronic 
recombination decreased and it used as photocatalyst activity or a photoelectricity cell, it found out that photoelectric 
conversion efficiency etc. could be raised. 

[0010]They are a core particle and a metallic oxide particle which consists of a shell layer formed in the core particle 
surface, The band gap of the ingredient which constitutes a shell layer is higher than the band gap of the ingredient which 
constitutes a core particle, and, when a shell layer forms semiconductor membrane using a certain metallic oxide particle 
formed from the particle layer which consists of particles for shell layer formation of the range whose mean particle 
diameter (Ps) is 2-50 nm, Since the band gap of the ingredient which constitutes a shell layer is higher than the band gap 
of the ingredient which constitutes a~~core particle, Since enabling the electron generated by the shell layer to move easily 
without the barrier of a band gap into a core particle, and an electron returning to a shell layer, and recombining with 
photosensitization material decreases, while photoelectric conversion efficiency improves, Said thing [ that diffusibility can 
improve similarly and photoelectric conversion efficiency, photocatalyst activity, etc. can be raised for this reason ] was 
found out. 
{0011] 

[Objects of the lnvention]An object of this invention is to provide the new metallic oxide particle which can raise 
photocatalyst activity, photoelectric conversion efficiency, etc., while the light which entered does not come out of particles 
easily and being able to use efficiently. An object of this invention is to provide the photoelectricity cell whose photoelectric 
conversion efficiency improved extremely. 
[0012] 

[Summary of the lnvention]The 1st metallic oxide particle concerning this invention is a core particle and a metallic oxide 
particle which consists of a shell layer formed in the core particle surface, It is in the range whose mean particle diameter 
of a metallic oxide particle is 100-3100 nm, The refractive index of a core particle is higher than the refractive index of a 
shell layer, it is in the range whose mean particle diameter (Pc) of a core particle is 50-3000 nm, and a shell layer is a 
particle layer which consists of particles for shell layer formation of the range whose mean particle diameter (Ps) is 2-50 
nm. 

Pc and Ps are 0.001 <=Ps/Pc<=0.5. It is characterized by satisfying a certain relation. 

[0013]As for the band gap of the ingredient which constitutes said particle for shell formation, it is preferred that it is higher 
than the band gap of the ingredient which constitutes a core particle. The 2nd metallic oxide particle concerning this 
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invention is in the range whose mean particle diameter it is a core particle and a metallic oxide particle which consists of 
shell formed in the core particle surface, and is 100-3100 nm, It is higher than the band gap of the ingredient from which 
the band gap of the ingredient which constitutes a shell layer constitutes a core particle, and is in the range whose mean 
particle diameter (Pc) of a core particle is 50-3000 nm, and a shell layer is a particle layer which consists of particles for 
shell layer formation of the range whose mean particle diameter (Ps) is 2-50 nm. 
Pc and Ps are 0.001<=Ps/Pc<=0.5. It is characterized by satisfying a certain relation. 

[0014]The substrate with which it comes to form the metal oxide semiconductor film (2) which the photoelectricity cell 
concerning this invention has an electrode layer (1) on the surface, and adsorbed photosensitization material on this 
electrode layer (1) surface, In the photoelectricity cell in which the substrate which has an electrode layer (3) on the 
surface arranges so that said electrode layer (1) and an electrode layer (3) may counter, and it provides an electrolyte 
layer between a metal oxide semiconductor film (2) and an electrode layer (3), It is characterized by at least one substrate 
and electrode layer having transparency, including the metallic oxide particle of the 1st or 2nd statement that requires a 
metal oxide semiconductor film (2) for said this invention. 

[0015]lt is preferred that the specific surface area of the shell layer which is in the range whose mean particle diameter of 
a metallic oxide particle is 100-600 nm in said photoelectricity cell, and is computed by a following formula (A) is in the 
range of 10 - 200-m 2 /g. 
Ss=(Sp-Sc-a)/(1-a) ...(A) 

(Ss is the specific surface area of a shell layer among a formula, and Sp is the specific surface area of a metallic oxide 
particle, and) Sc is the specific surface area of a core particle, and the photocatalyst which a requires for this invention 
which shows the weight percentage (%) of the core particle in a metallic oxide particle is characterized by using the 1st or 
2nd metallic oxide particle concerning said this invention. 
[0016] 

[Detailed Description of the Invention] Hereafter, the metallic oxide particle concerning this invention and its use are 
explained concretely. The metallic oxide particle concerning this invention is a metallic oxide particle which consists of a 
core particle and a shell layer formed in the core particle surface. 

[0017]As for the metallic oxide particle concerning this invention, it is desirable for 100-3100 nm of the mean particle 
diameter to be 100-2000 nm in the range of 100-600 nm still more preferably preferably. About the shape of a metallic 
oxide particle, it does not necessarily need to be spherical and a cube, a rectangular parallelepiped, the particles of which 
needlelike shape, and these mixtures can be chosen according to the purpose. In the case of the particles except 
spherical, particle diameter shall mean the upper limit of particles in this way. 

[0018]The [1st metallic oxide particle] The 1st metallic oxide particle concerning this invention is a core particle and a 
metallic oxide particle which consists of a shell layer formed in the core particle surface, and a shell layer is a particle layer 
which consists of particles for shell layer formation of specific mean particle diameter (Ps). 
It is characterized by the refractive index of a core particle being higher than the refractive index of a shell layer. 

[0019]As an ingredient which constitutes such a core particle, The metallic oxide of 1.93-2.70 has [ 1.90 or more ] a 
preferably preferred refractive index, Specifically A rutile type titanium dioxide (refractive-index =2.7), an anatase type 
titanium dioxide (refractive-index =2.5), Crystalline titanium oxide, such as brookite type titanium oxide (refractive-index 
=2.6), and amorphous titanium oxide (refractive-index =2.2-2.3), Tantalum oxide (refractive-index =2.25), cerium oxide 
(refractive-index =2.2), A zinc oxide (refractive-index =2.1), zirconium oxide (refractive-index =2.1), tin oxide (refractive- 
index =2.0), antimonous oxide (refractive-index =2.0), indium oxide (refractive-index =2.0), a lanthanum trioxide 
(refractive-index =1.95), niobium oxide (refractive-index =2.0), etc. are mentioned. 

[0020]As an ingredient which constitutes a shell layer, the metallic oxide which has a refractive index in the range of 1.8- 
2.6 in general can be used, Specifically Crystalline titanium oxide and amorphous titanium oxide (refractive-index =2.2- 
2.3), such as brookite type titanium oxide (refractive-index =2.6) and an anatase type titanium dioxide (refractive-index 
=2.5), Tantalum oxide (refractive-index =2.25), cerium oxide (refractive-index =2.2), Zirconium oxide (refractive-index 
=2.1), tin oxide (refractive-index =2.0), indium oxide (refractive-index =2.0), niobium oxide (refractive-index =2.0), 
antimonous oxide (refractive-index =2.0), a lanthanum trioxide (refractive-index =1.95), etc. are mentioned. 
[0021]lt is preferred that the refractive index difference with the refractive index of a shell layer has still more preferably a 
refractive index of 0.2 or more of the ingredient which constitutes such a core particle 0.1 or more. At this time, the 
refractive index of a shell layer means the refractive indicees as a shell layer including the gap in not the refractive index 
peculiar to an ingredient that forms a shell layer but a shell layer. The refractive index of a core particle trickles 2-3 drops 
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of standard solutions whose refractive index is known on a glass substrate, The particles dried at 120 ** to this are mixed, 
and a core particle carries out the refractive index of the refractive index of a standard solution when mixed liquor (it is the 
paste state in many cases) becomes transparent, and the refractive index of a shell layer is measured as follows. 
[0022]After applying the dispersion liquid of the particles for shell formation by the spinner method on the silicon wafer 
which kept the surface at 50 ** and heat-treating them at 160 ** subsequently for 30 minutes, it measured by the 
ellipsomter. Since the light which entered in particles will carry out multiple scattering of the core particle by a shell layer 
(light should confine) and will become difficult to penetrate the inside of a core particle if it has such refractive index 
difference, If it is used for the semiconductor membrane of a photoelectricity cell, the probability which the probability of it 
being absorbed by photosensitization material and generating an electron becomes high, or is used for activation of a 
catalyst will become high, and the effect that the capacity factor of light improves will be acquired. Containment of the light 
by multiple scattering of the light in particles and multiple scattering of the light between particles is typically shown in 
drawing 1 . Drawing 1 (a) shows dispersion of the light which can be set in particles. 
Drawing 1 (b) shows dispersion of the light between particles. 

[0023]Like drawing 1 (a), by the metallic oxide particle of this invention, since the refractive index of a core particle is 
higher than the refractive index of a shell layer, lights are scattered about in the inside of a shell layer. Lights may be 
scattered about in the inside of two or more shell layers. As for the mean particle diameter (Pc) of a core particle, it is 
preferably desirable that it is the range of 50-600 nm 50-3000 nm. 

[0024]Although it is preferred that it is spherical about the shape of this core particle, it does not necessarily need to be 
spherical and a cube, a rectangular parallelepiped, the particles of which needlelike shape, and these mixtures can be 
chosen according to the purpose. In the case of the particles except spherical, particle diameter shall mean the upper limit 
of particles in this way. If the mean particle diameter (Pc) of a core particle is in a mentioned range, multiple scattering 
between a core particle and the shell layer mentioned later happens easily, and light can be confined. For this reason, the 
capacity factor of light can be raised. 

[0025]When the mean particle diameter (Pc) of a core particle is less than 50 nm, there are few light scattering effects, 
multiple scattering between core particles does not happen easily, and since the containment effect of light is not 
acquired, the capacity factor of light does not improve. If the mean particle diameter (Pc) of a core particle exceeds 3000 
nm, the particle diameter of the metallic oxide particle obtained will also become large, For this reason, since a particle 
gap becomes large, the transmission quantity of light increases, the containment effect of light becomes insufficient, and 
the effect of raising photoelectric conversion efficiency and photocatalyst activity may not be acquired enough. 
[0026]When using the metallic oxide particle concerning this invention for the metal oxide semiconductor film for 
photoelectricity cells, the mean particle diameter (Pc) of a core particle has a preferred thing in the range of 100-600 nm. 
At the metallic oxide particle concerning this invention, a shell layer comprises particles for shell formation. For this 
reason, the shell layer has the meso pore by the particle gap for shell formation. When it had such meso pore and is used 
as a photocatalyst, Since a reactant and output can be diffused promptly, when photocatalyst activity can be improved and 
it uses as semiconductor membrane of a photoelectricity cell, Since an electron, ion, etc. by which it was generated can 
be promptly diffused while being able to enlarge the amount of adsorption of photosensitization material, electronic 
recombination can be controlled and, for this reason, photoelectric conversion efficiency can be raised. 
[0027]For this reason, as for the particles for shell formation which constitute a shell layer, it is desirable for the mean 
particle diameter (Ps) to be 2-50 nm in the range of 2-25 nm preferably. When the mean particle diameter (Ps) of the 
particles for shell formation is less than 2 nm, It becomes what has a small pole diameter of the meso pore by the particle 
gap for shell formation of the shell layer formed, For this reason, when it is used as a photocatalyst, since improvement in 
the diffusibility of a reactant or output is insufficient and the diffusibility of an electrolyte, ion, etc. does not improve, 
electronic recombination happens easily, and, for this reason, neither photocatalyst activity nor photoelectric conversion 
efficiency may improve enough. 

[0028)lf the mean particle diameter (Ps) of the particles for shell formation exceeds 50 nm, Without diffusibility, such as a 
reactant when it is further used as a photocatalyst, improving, although the pole diameter of meso pore becomes large, 
The electron transfer nature which the amount of adsorption of photosensitization material falls, or a capacity factor falls, 
and is generated by a shell layer by reduction (reduction in a touch area) of a point of contact with a core particle may fall, 
and photoelectric conversion efficiency etc. may not act as Kougami enough. 

[0029]lt is desirable for the mean particle diameter (Pc) of a core particle and the mean particle diameter (Ps) of the 
particles for shell formation to have satisfied 0.001<=Ps/Pc<=0.5 and the relation which is 0.005<=Ps/Pc<=0.2 preferably. 
When the relation of such particle diameter was satisfied, and it becomes possible to form meso pore which was 
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described above and used as a photocatalyst as a result, while being able to diffuse a reactant and output promptly, When 
it uses as a photoelectricity cell, the diffusibility of an electrolyte, ion, etc. is high, and since electronic recombination does 
not happen easily, photocatalyst activity and photoelectric conversion efficiency can be made high. 
[0030]ln said 1st metallic oxide particle concerning this invention, it is preferred that the refractive index of the ingredient 
which constitutes a core particle is higher than the refractive index of a shell layer, and it is higher than the band gap of the 
ingredient from which the band gap of the ingredient which constitutes the particles for shell formation constitutes a core 
particle. A band gap means the energy difference between a BARENSU band and a conduction band, and it asks by 
measurement of an ultraviolet absorption spectrum, visible light absorption spectra, etc. 

[0031 ]At this time, as for the band gap of the ingredient from which the band gap of the ingredient which constitutes the 
particles for shell formation constitutes the range of 1.7-3.8 eV, and a core particle, it is preferred that it is in the range of 
1.4-3.2 eV, and it is preferred that there is 0.1 eV or more as band gap difference. The ingredient which has such a band 
gap is mentioned later. 

[0032]The [2nd metallic oxide particle] The 2nd metal oxide particle concerning this invention is a core particle and a 
metallic oxide particle which consists of a shell layer formed in the core particle surface, and a shell layer is a particle layer 
which consists of particles for shell layer formation of specific mean particle diameter (Ps). 

The band gap of the ingredient which constitutes a shell layer is characterized by being higher than the band gap of the 
ingredient which constitutes a core particle. 

If such a metallic oxide particle is used for a photoelectricity cell in order for what has a large band gap to also absorb the 
-light by the side of visible light more, sunlight can be used more effectively. 

[0033]Since the band gap of the ingredient which constitutes a shell layer is higher than the band gap of the ingredient 
which constitutes a core particle, If the electron generated by the shell layer is enabled to move easily without the barrier 
of a band gap into a core particle and such a metallic oxide particle is used for a photoelectricity cell, since it will decrease 
that an electron returns to a shell layer and recombines with photos ensitization material, photoelectric conversion 
efficiency can also be raised. 

[0034]At this time, the band gap of the ingredient which constitutes the particles for shell formation 1.7-3.8 eV, As for the 
band gap of the ingredient which constitutes the range of 2.4-3.4 eV, and a core particle preferably, it is preferred that 
there is 1 .4-3.2 eV in the range of the range of 2.2-3.2 eV preferably, and it is preferred that there is 0.1 eV or more as 
band gap difference. 

[0035]lt becomes the height (difference) from the height of a conducting zone (conduction band: CB), i.e., SHE, (standard 
hydrogen electrode Standard Hydrogen Electrode). For this reason, when it had such band gap difference and the 
semiconductor membrane for photoelectricity cells is produced, an electronic transition will happen gradually between 
phptosensitization material and a metallic oxide particle. For example, CB in case photosensitization material is Ru 
complex is -1.5eV, a core particle is~rutile, when a shell layer is ANATASU, as for CB of ANATASU (shell layer), CB of - 
0.2eV and rutile (core particle) is set to +0.1 eV, and an electronic transition will happen gradually. 

[0036]When it has such band gap difference, the band gap of a core particle (rutile), for example at 3 eV. Since ANATASU 
absorbs 0.2 eV of light by the side of visible light when the band gap of a shell particle (ANATASU) is 3.2 eV, sunlight is 
effectively absorbable more. As for the metallic oxide particle concerning this invention, it is desirable for 100-3100 nm of 
the mean particle diameter to be 100-2000 nm in the range of 100-600 nm still more preferably preferably. Although the 
spherical thing of the shape of a metallic oxide particle is preferred, it does not necessarily need to be spherical and can 
choose a cube, a rectangular parallelepiped, the particles of which needlelike shape, and these mixtures according to the 
purpose. In the case of the particles except spherical, particle diameter shall mean the upper limit of particles in this way. 
[0037]As an ingredient which constitutes such a core particle and a shell layer, A rutile type titanium dioxide (band gap = 
3.0 eV), an anatase type titanium dioxide (band gap = 3.2 eV), Crystalline titanium oxide, such as brookite type titanium 
oxide (band gap = 3.1 eV), Amorphous titanium oxide (band gap = not less than about 3.2 eV), a zinc oxide (band gap = 
3.2 eV), The tin oxide (band gap = 3.8 eV), silicon carbide:SiC (band gap = 3.0 eV), Tungstic trioxide : W0 3 (band gap = 

3.2 eV), Seleniding cadmium NIUMU : CdSe (band gap = 1.7 eV), Gallium phosphide : GaP (band gap = 2.25 eV), ferric 
oxide:Fe 2 0 3 (band gap = 2.2 eV), Oxidation cadmium NIUMU (band gap = 2.1 eV), tantalum oxide, cerium oxide, 

zirconium oxide, antimonous oxide, indium oxide, a lanthanum trioxide, niobium oxide, etc. are mentioned. What serves as 
the above-mentioned band gap out of these is put together. 

[0038]as a more desirable combination - shelktin oxide .... core: - a zinc oxide or various titanium oxide shell: - various 
titanium oxide .... core: - silicon carbide shell: - An anatase type titanium dioxide .... core: — a rutile type titanium dioxide 
etc. are mentioned. 

[0039]As for the mean particle diameter (Pc) of a core particle, it is preferably desirable that it is the range of 50-600 nm 
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50-3000 nm. Although it is preferred that it is spherical about the shape of this core particle, it does not necessarily need 
to be spherical and a cube, a rectangular parallelepiped, the particles of which needlelike shape, and these mixtures can 
be chosen according to the purpose. In the case of the particles except spherical, particle diameter shall mean the upper 
limit of particles in this way. 

[0040]When the mean particle diameter (Pc) of a core particle is less than 50 nm, The effect which made lower than the 
band gap of a core particle the band gap of the ingredient which particle diameter is too small and constitutes a shell layer, 
Namely, if the effect which becomes easy [ the electron transfer from a shell layer to a core particle ] is not fully revealed 
and the mean particle diameter (Pc) of a core particle exceeds 3000 nm, The particle diameter of the metallic oxide 
particle obtained also becomes large, for this reason, a grain spacing becomes large, and the transmission quantity of 
light increases, namely, the capacity factor of light falls, and the effect of raising photoelectric conversion efficiency and 
catalytic activity may not fully be acquired. 

[0041]When using the metallic oxide particle concerning this invention for the metal oxide semiconductor film for 
photoelectricity cells, the mean particle diameter (Pc) of a core particle has a preferred thing in the range of 100-600 nm. 
At the metallic oxide particle concerning this invention, a shell layer comprises particles for shell formation. For this 
reason, the shell layer has the meso pore by the particle gap for shell formation. While the amount of adsorption of 
photosensitization material becomes large and fully being able to diffuse a reactant and output when it uses as 
semiconductor membrane for photoelectricity cells if it has such meso pore, Since an electron, ion, etc. by which it was 
generated can fully be diffused, electronic recombination does not happen and, for this reason, photocatalyst activity and 
photoelectric conversion efficiency can be raised. 

[0042]For this reason, as for the particles for shell formation which constitute a shell layer, it is desirable for the mean 
particle diameter (Ps) to be 2-50 nm in the range of 2-25 nm preferably. When the mean particle diameter (Ps) of the 
particles for shell formation is less than 2 nm, It becomes what has a small pole diameter of the meso pore by the particle 
gap for shell formation of the shell layer formed, For this reason, since improvement in the diffusibility of a reactant or 
output is insufficient and the diffusibility of an electrolyte, ion, etc. does not improve, electronic recombination happens 
easily, and for this reason, neither photocatalyst activity nor photoelectric conversion efficiency may improve enough. 
[0043]lf the mean particle diameter (Ps) of the particles for shell formation exceeds 50 nm, The electron transfer nature of 
what becomes large which the amount of adsorption of photosensitization material falls, or a capacity factor falls, and is 
generated by a shell layer by reduction (reduction in a touch area) of a point of contact with a core particle without 
diffusibility improving further may fall, and photoelectric conversion efficiency of the pole diameter of meso pore may not 
improve enough. 

[0044]lt is desirable like said 1st metallic oxide particle for the mean particle diameter (Pc) of a core particle and the mean 
particle diameter (Ps) of the particles for shell formation to have satisfied 0.001 <=Ps/Pc<=0.5 and the relation which is 
0.005<=Ps/Pc<=0.2 preferably. The~1st and 2nd above metallic oxide particles are 100-3100 nm in mean particle diameter 
in the range of 100-2000 nm preferably. When the mean particle diameter of a metallic oxide particle is less than 100 nm, 
particle diameter becomes smaller than one half of the target wavelength, dispersion of light becomes difficult to take 
place and transmissivity becomes high (formula of Mie scattering). 

[0045]For example, when the wavelength of ultraviolet rays shall be 360 nm and particle diameter is 180 nm or less, the 
effect which dispersion of light does not take place, and raises the capacity factor of light like the metallic oxide particle of 
this invention since the transmissivity of light is high is not acquired. If mean particle diameter exceeds 3100 nm, since a 
particle gap becomes large, the transmission quantity of light increases, the containment effect of light becomes 
insufficient, and the effect of raising photoelectric conversion efficiency and photocatalyst activity may not be acquired 
enough. 

[0046][Preparation of a metallic oxide particle] the manufacturing method of the 1st and 2nd metallic oxide particles 
concerning this invention, As a core particle which restriction in particular will not have if the particle layer which consists 
of particles for shell layer formation can be formed in the above mentioned surface of a core particle, and is used for this 
invention, if it has particle diameter, and the refractive index and/or band gap of said range, publicly known particles can 
be used conventionally. The same thing can be used with having specifically described above. 

(i) The core particle and the particles for shell formation which constitute the preparation aforementioned metallic oxide 
particle of a core particle and the particles for shell formation can be conventionally manufactured by a publicly known 
method. After adding acid or alkali if needed to the gel or sol of a hydrous metallic oxide obtained by the sol gel process 
using the salt or organic metallic compound of the above-mentioned metal, it can manufacture by conventionally publicly 
known methods, such as heating and riping. 

(ii) The preparation profitable **** core particle of a metallic oxide particle and the particles for shell formation are used, 



Page 6 of 17 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi^ 6/5/2008 



JP,2002-1 10261, A [DETAILED DESCRIPTION] 

» 



Page 7 of 1 7 



After preparing the dispersion liquid of a core particle (isoelectric point A), and the dispersion liquid of shell formation 
particles (isoelectric point B), respectively, it can obtain by mixing, adjusting the pH of mixed dispersion liquid so that it 
may become among the isoelectric points A and B, and subsequently carrying out water heat treatment at 50-250 ** if 
needed. 

[0047]lf the pH of dispersion liquid mixed in this way is adjusted so that it may become during the isoelectric points A and 
B, A core particle and the particles for shell formation are mutually charged in an opposite electric charge, as a result, 
electric neutralization starts them among particles, the particles for shell formation laminate on the surface of a core 
particle, and the metallic oxide particle of this invention is obtained. It can obtain also by adding as a binder what solated 
the hydrolyzate of metal salt of the particles for shell formation, and the ingredient, or hydrolyzate to the dispersion liquid 
which mixed the dispersion liquid of a core particle, and the dispersion liquid of shell formation particles, and carrying out 
water heat treatment to them at 50-250 ** if needed. 

[0048]Adding the solution or the alcohol solution of metal salt of the particles for shell formation, and the ingredient, or an 
organic metallic compound to the dispersion liquid of a core particle, or adding to them as an option. Acid or a base is 
added as a catalyst for hydrolysis of metal salt or an organic metallic compound, it hydrolyzes, and hydrolyzate is 
deposited on the core particle surface. Hydrolyzate to the deposited dispersion liquid of a core particle Subsequently, a 
base, for example, NaOH, After adding KOH, ammonia, and the 4th class amines and considering it as basicity, water 
heat treatment is carried out in 50-250 **, and even if it makes it atomize by crystallizing a hydrolyzate layer (shell 
precursive layer), the metallic oxide particle of the invention in this application can be obtained. 

[0049]Thus, as for the mean particle diameter of the metallic oxide particle obtained, it is preferred that it is in the range of 
100-3100 nm. 

[Photoelectricity cell] The substrate with which it comes to form the metal oxide semiconductor film (2) which the 
photoelectricity cell concerning this invention has an electrode layer (1) on the surface, and adsorbed photosensitization 
material on this electrode layer (1) surface, In the photoelectricity cell in which the substrate which has an electrode layer 
(3) on the surface arranges so that said electrode layer (1) and an electrode layer (3) may counter, and it provides an 
electrolyte layer between a metal oxide semiconductor film (2) and an electrode layer (3), The metal oxide semiconductor 
film (2) is characterized by at least one substrate and electrode layer having transparency, including said 1st or 2nd 
metallic oxide particle. 

[0050]As such a photoelectricity cell, what is shown in drawing 2 is illustrated, for example. Drawing 2 is an outline 
sectional view showing one example of the photoelectricity cell concerning this invention. 

The substrate 5 with which it comes to form the semiconductor membrane 2 which has the transparent electrode layer 1 
on the surface, and adsorbed photosensitization material on this transparent electrode layer 1 surface, It is arranged so 
that said electrode layers 1 and 3 may counter in the substrate 6 which has the electrode layer 3 which has reduction 
catalyst ability on the surface, and tfie electrolyte 4 is further enclosed between the metal oxide semiconductor film 2 and 
the transparent electrode layer 3. 

[0051 ]The substrate which is the transparence of organic polymer boards, such as a glass substrate and PET, etc. as the 
transparent substrate 5, and has insulation can be used. If it has the intensity which is equal to use as the substrate 6, 
there is no restriction in particular and conductive substrates other than insulating substrates, such as organic polymer 
boards, such as a glass substrate and PET, such as titanium metal, metallic aluminum, metallic copper, and metallic 
nickel, can be used. 

[0052]As the transparent electrode layer 1 formed in the transparent substrate 5 surface, conventionally publicly known 
electrodes, such as indium oxide and antimony oxide in which tin oxide, Sn, and/or F by which tin oxide, Sb, F, or P was 
doped were doped, a zinc oxide, and ********, can be used. Such a transparent electrode layer 1 can be formed by 
conventionally publicly known methods, such as a thermal decomposition method and a CVD method. 
[0053]As the electrode layer 3 formed in the substrate 6 surface, Are not restricted especially if it has reduction catalyst 
ability, and Platinum, Electrode materials, such as rhodium, a ruthenium metal, and a ruthenium oxidation thing, tin oxide, 
Publicly known electrodes, such as an electrode, carbon electrodes, etc. which plated or vapor-deposited said electrode 
material, can be conventionally used for the surface of conductive materials, such as indium oxide, antimony oxide, etc. in 
which tin oxide, Sn, and/or F by which Sb, F, or P was doped were doped. 

[0054]Direct-coat, and plate or such an electrode layer 3 makes said electrode vapor-deposit on the substrate 6, After 
forming a conductive layer for a conductive material by conventionally publicly known methods, such as a thermal 
decomposition method and the CDV method, it can form on this conductive layer by conventionally publicly known 
methods, such as plating or vapor-depositing said electrode material. The substrate 6 may be transparent like the 
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transparent substrate 5, and the electrode layer 3 may be a transparent electrode like the transparent electrode layer 1. 
[0055]The higher one of the visible light transmittance of the transparent substrate 5 and the transparent electrode layer 1 
is preferred, and it is specifically desirable that it is not less than 90% especially preferably not less than 50%. When 
visible light transmittance is less than 50%, photoelectric conversion efficiency may become low. As for the resistance of 
these transparent electrode layers 1 and the electrode layer 3, it is preferred that it is below 100 ohm/cm 2 respectively. 

When the resistance of an electrode layer becomes high exceeding 100-ohm[/cm ] 2 , photoelectric conversion efficiency 
may become low. 

[0056]The metal oxide semiconductor film 2 may be formed on the electrode layer 3 formed on the substrate 6. As for the 
thickness of this metal oxide semiconductor film 2, it is preferred that it is in the range of 0.1-50 micrometers. As for said 
metal oxide semiconductor film 2, it is preferred that the metallic oxide particle which is in the range whose mean particle 

diameter is 100-600 nm, and has the specific surface area of a shell layer in the range of 10-200-m 2 /g also in said 1st or 
2nd metallic oxide particle is included. 

[0057]When the mean particle diameter of a metallic oxide particle is less than 100 nm, the effect that particle diameter 
becomes smaller than one half of U V wavelength, dispersion of light falls, and the capacity factor of light improves is not 
acquired. When mean particle diameter exceed^ 600 nm, the intensity of a metal oxide semiconductor film may become 
insufficient. 

[0058]the case where specific surface area is less than 10-m 2 /g - the amount of adsorption of photosensitization material 
(for example, Ru complex) - it becomes there is less and sufficient photoelectric conversion efficiency may not be 
acquired. [ little ] Since it will become what has a small pole diameter of a shell layer and electrolytic being spread will 

become insufficient if specific surface area exceeds 200-m 2 /g, sufficient photoelectric conversion efficiency may not be 
acquired. 

[0059]The specific surface area of a shell layer is computed by a following formula (A). 
Ss =(Sp-Sc-a)/(1-a) ... (A) 

(Ss is the specific surface area of a shell layer among a formula, and Sp is the specific surface area of a metallic oxide 
particle, and) Sc is the specific surface area of a core particle, and the effect that the mean particle diameter of the 
metallic oxide particle which shows the weight percentage (%) of the core particle in a metallic oxide particle becomes 
smaller than one half of the wavelength of the target light [ be / it / less than 100 nm / particle diameter ], dispersion of light 
falls, and the capacity factor of a of light improves is not acquired. 

[0060]When mean particle diameter exceeds 600 nm, the intensity of a metal oxide semiconductor film may become 
insufficient. When the specific surface area of a shell layer is less than 10-m 2 /g, since the amount of adsorption of 
photosensitization material becomes low, sufficient photoelectric conversion efficiency may not be acquired. When the 
specific surface area of a shell layefexceeds 200-m 2 /g, in this case, micropore of a shell layer increases, since there is 
little meso pore, it becomes insufficient electrolytic spreading it, and sufficient photoelectric conversion efficiency may not 
be acquired. 

[0061]As for said metal oxide semiconductor film 2, it is preferred that the binder component is included with said metallic 
oxide particle. The binder component which consists of the metallic oxide same as a binder component as the particles for 
shell formation is preferred. As such a metallic-oxide binder component, an oxidation titanium binder, an indium oxide 
binder, a tin-oxide binder, a lanthanum trioxide binder, a zirconium oxide binder, etc. are mentioned. 
[0062]Such a binder component can be obtained by adding acid, alkali, hydrogen peroxide, etc. to metal salt of the 
particles for shell formation, and the ingredient, the hydrolyzate of an organic metallic compound, or hydrolyzate if needed, 
and heat-treating and solating if needed further. Among these, especially the decomposition product of peroxotitanic acid 
is used preferably. The decomposition product of peroxotitanic acid etc. which added hydrogen peroxide to titanium oxide, 
hydrous titanic acid gel, or sol which consists of the hydrous titanic acid gel or sol specifically obtained by the sol gel 
process etc., and dissolved hydrous titanic acid are mentioned. 

[0063]Such a titanium oxide binder component forms a precise and uniform adsorption layer in a metallic-oxide (titanium 
oxide) particle surface. For this reason, the metal oxide semiconductor film obtained can improve adhesion with an 
electrode. If such a titanium oxide binder component is used, contact of metallic-oxide (titanium oxide) particles can turn 
into field contact from point contact, and it can become possible to raise electronic transition nature, and the amount of 
adsorption of photosensitization material can be increased. 

[0064]As for the binder component in the metal oxide semiconductor film 2, and the ratio of a metallic oxide particle, it is 
desirable 0.05 to 0.50 and that it is in the range of 0.1-0.3 preferably at the weight ratio (a binder component/metallic oxide 
particle) of oxide conversion. As for the absorption of light of a light range, less than 0.05 are [ a weight ratio ] insufficient, 
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and the amount of adsorption of photosensitization material may not increase further. A porosity [ exceeding 0.50 ] weight 
ratio [ said ] when high metal oxide semiconductor film may not be obtained, and the amount of adsorption of 
photosensitization material may not be increased further. 

[0065]As for the metal oxide semiconductor film 2, it is preferred that 0.05 - 0.8 ml/g and an average pore size have pore 
volume in the range which is 2-250 nm. When pore volume is smaller than 0.05 ml/g, the photosensitization material 
amount of adsorption becomes low, and exceeding 0.8 ml/g, in being high, the electronic transition nature in 
semiconductor membrane falls, and photoelectric conversion efficiency may be reduced. When an average pore size is 
less than 2 nm, the amount of adsorption of photosensitization material falls, exceeding 250 nm, when high, the electronic 
transition nature in semiconductor membrane may fall, and photoelectric conversion efficiency may fall. 
[0066]Such a metal oxide semiconductor film 2 is producible using the coating liquid for metal oxide semiconductor film 
formation for photoelectricity cells as follows, for example. The coating liquid for metal oxide semiconductor film formation 
for photoelectricity cells used for this invention consists of said metallic oxide particle and carrier fluid. The precursor of a 
binder component can be included if needed. 

[0067]When the shell of said metallic oxide particle is crystalline titanium oxide, peroxotitanic acid and shell as a precursor 
of a binder component consist of the metallic oxide particle and carrier fluid which are crystalline titanium oxide. 
Peroxotitanic acid is prepared by adding hydrogen peroxide to the sol or gel of the solution of a titanium compound, or 
hydration titanium oxide, and heating. 

[0068]The sol or gel of hydration titanium oxide adds acid or alkali to the solution of a titanium compound, hydrolyzes into 
it, and is obtained by accepting necessity and riping [ wash, heat and ]. Although there is no restriction in particular as a 
titanium compound used, titanium compounds, such as titanium alkoxides, such as titanium salt, such as halogenation 
titanium and titanyl sulfate, and tetraalkoxy titanium, and titanium hydride, can be used. 

[0069]The precursor of the metallic-oxide binder component in the coating liquid for metal oxide semiconductor film 
formation for photoelectricity cells used for this invention, and the ratio of a metallic oxide particle, expressing the 
precursor of a metallic-oxide binder component with oxide MO x (1) - a metallic oxide particle - MO x (2) - a table - it is 

[ the bottom ] desirable 0.03 to 0.50 and that it is in the range of 0.1-0.3 preferably at the weight ratio at the time (MO x (1) / 

MO x (2)). A weight ratio may become insufficient [ less than 0.03 / the intensity or conductivity of a metal oxide 

semiconductor film ], and the amount of adsorption of photosensitization material may not increase further. Porosity 

[ exceeding 0.50 ] weight ratio when high semiconductor membrane may not be obtained, and electronic transition nature 

may not improve further. 

[0070]As for such a precursor and a metallic oxide particle of a metallic-oxide binder component, it is desirable to be 
preferably contained by 2 to 20% of the weight of concentration one to 30% of the weight as (MO x (1)+MO x (2)) in the 

coating liquid for metal oxide semiconductor film formation for photoelectricity cells. If it can remove when the precursor 
and metallic oxide particle of a metallic-oxide binder component can be distributed and it dries as carrier fluid, there is no 
restriction in particular and it can be used, but [ especially ] alcohols are preferred. 

[0071]The film formation auxiliary agent may be contained in the coating liquid for metal oxide semiconductor film 
formation for photoelectricity cells used for this invention if needed. As a film formation auxiliary agent, a polyethylene 
glycol, a polyvinyl pyrrolidone, hydroxypropylcellulose, polyacrylic acid, polyvinyl alcohol, etc. are mentioned. If such a film 
formation auxiliary agent is contained in coating liquid, the viscosity of coating liquid becomes high, the film which this 
dried to homogeneity is obtained, a metallic oxide particle is filled up further precisely, bulk density becomes high, and the 
high metal oxide semiconductor film of adhesion with an electrode can be obtained. 

[0072]the photoelectricity cell used for this invention - public funds - such [ the manufacturing method of a group oxide 
semiconductor film ] a photoelectricity cell - public funds - the coating liquid for group oxide semiconductor film formation 
is applied on a substrate, and after drying, it is characterized by making it harden. As for coating liquid, it is preferred to be 
applied so that the thickness of the metal oxide semiconductor film formed eventually may serve as a range which is 0.1- 
50 micrometers. As a coating method of coating liquid, it can apply by conventionally publicly known methods, such as a 
dipping method, the spinner method, a spray method, the roll coater method, flexographic printing, and screen-stencil. 
[0073]The drying temperature should just be the temperature which can remove carrier fluid. A coat may be made to 
irradiate with and harden ultraviolet rays in this invention if needed further. The precursor of a binder component can be 
disassembled and hardened by irradiating with ultraviolet rays. When the film forming assistant is contained in coating 
liquid, after coat hardening, it may heat-treat and a film forming assistant may be decomposed. 

[0074]ln this way, as for the thickness of the obtained metal oxide semiconductor film, it is preferred that it is in the range 
of 0.1-50 micrometers. In this invention, the metal oxide semiconductor film 2 is adsorbing photosensitization material. As 
photosensitization material, if the light of a light range and/or an infrared light field is absorbed and excited, there is no 
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restriction in particular, for example, organic coloring matter, a metal complex, etc. can be used. 

[0075]As organic coloring matter, the conventionally publicly known organic coloring matter which has functional groups, 
such as a carboxyl group, a hydroxyalkyl group, hydroxyl, a sulfone group, and a carboxy alkyl group, can be used into a 
molecule, concrete - metal free phthalocyanine, cyanine dye, metalaw cyanine dye, triphenylmethane dye and uranine, 
eosine, a rose bengal, rhodamine B, and a jib - xanthene dyes, such as the ROM fluorescein, etc. are mentioned. It has 
the characteristic that these organic coloring matter has an early adsorption rate to a metal oxide semiconductor film. 
[0076]The copper phthalocyanine indicated as a metal complex in JP.1-220380.A, the Patent Publication Heisei No. 
504023 [ five to ] gazette, etc., Metal phthalocyanines, such as titanylphthalocyanine, chlorophyll, Hemin, ruthenium tris 
(2,2'-screw pyridyl 4,4 , -dicarboxy RATO), A (SCN " )-bis(2,2'-bipyridyl 4,4'-dicarboxylate)ruthenium, Ruthenium ****** 
Aqua bipyridyl complexes, such as ruthenium cis- -****** irvis (2,2'-bipyridyl 4,4'-dicarboxy RATO), Complexes, such as 
rutheniums, such as porphyrins, such as zinc-tetra (4 -carboxy phenyl) porphin, and an iron-hexacyanide complex, osmium, 
iron, and zinc, can be mentioned. These metal complexes are excellent in the effect and endurance of spectral 
sensitization. 

[0077]The organic coloring matter or the metal complex as the above-mentioned photosensitization material may be used 
independently, may mix and use two or more sorts, organic coloring matter or a metal complex, and may use together 
organic coloring matter and a metal complex further. Restriction in particular does not have an adsorption method of such 
photosensitization material, it makes a metal oxide semiconductor film absorb the solution which dissolved 
photosensitization material in the solvent by methods, such as a dipping method, the spinner method, and a spray 
method, and the general method of drying subsequently can be used for it. Furthermore, said absorption process may be 
repeated if needed. Said substrate is made to contact, carrying out the heating rotary flow of the photosensitization 
material solution, and it is a metal oxide semiconductor film about photosensitization material. As a solvent in which the 
photosensitization material which can also be made to adsorb is dissolved, What is necessary is to dissolve 
photosensitization material and just to be specifically able to use water, alcohols, toluene, dimethylformamide, chloroform, 
ethyl Cellosolve, N-methyl pyrrolidone, a tetrahydrofuran, etc. 

[0078]As for the quantity of the photosensitization material made to stick to a metal oxide semiconductor film, it is 

preferred that it is more than 50microper specific surface area 2 of 1 cm of metal oxide semiconductor film g. When the 
quantity of photosensitization material is less than 50microg, photoelectric conversion efficiency may become insufficient. 
As an electrolyte, a mixture with at least one sort of compounds which form a redox system with an activity salt 
electrochemically is used. 

[0079]As an activity salt, quarternary ammonium salt, such as tetrapropylammonium iodide, is mentioned 
electrochemically. As a compound which forms a redox system, quinone, hydroquinone, iodine (I "/I " 3 ), a potassium 

iodide, bromine (Br'/Br ' 3 ), potassium bromide, etc. are mentioned. These can also be mixed and used depending on the 
case. 

[0080]Although the amount of such electrolyte used changes also with an electrolytic kind and kinds of solvent mentioned 
later, it is preferred that it is in the range of 0.1-5 mol/l. in general. A publicly known solvent can be conventionally used for 
an electrolyte layer. Specifically Carbonate, such as water, alcohols, oligo ether, and propione carbonate. Phosphoric 
ester, dimethylformamide, dimethyl sulfoxide, N-methyl pyrrolidone, N-vinyl pyrrolidone, the sulfur compound of the 
sulfolane 66, ethylene carbonate, acetonitrile, gamma-butyrolactone, etc. are mentioned. 

[0081][Photocatalyst] The 1st and 2nd above mentioned metallic oxide particles are used for the photocatalyst concerning 
this invention, a photocatalyst - said metallic oxide particle carried out - it remains as it is — the ** **** — things are also 
made, other active ingredients can be supported doped to a metallic oxide particle, or these metallic oxide particles can 
also be mixed and used. Furthermore, the binder component may be included if needed. 

[0082]There is no restriction in particular as a using form of such a photocatalyst, for example, solvents, such as water, 
can be distributed as it is and the above-mentioned metallic oxide particle can be used, It mixes with a binder component 
and is considered as the coating liquid for photocatalyst layer formation, and it can apply and dry, and the catalyst bed of 
desired thickness can also be formed and used for substrates, such as glass, PET, metal, and ceramics. The metallic 
component which has oxidation reduction performances, such as Pt, Pd, Rh, Ru, Os, Ir, Au, Fe, etc. besides [ which is 
used for antibacterial properties, such as Ag, Cu and Zn and the mildewproofing purpose ] a metallic component, as an 
active ingredient besides the above is mentioned. Being able to adopt a publicly known method conventionally, for 
example, making it hydrolyze into the dispersion liquid of metal particles in adding the solution of the soluble salts of a 
metallic component **** if needed, and making it deposit can depend support of these metallic components, and the 
doping method, and they can be prepared. 



http://www4.ipdl.inpit.goj 6/5/2008 



JP,2002-1 10261, A [DETAILED DESCRIPTION] 



Page 11 of 17 



[0083]as the metallic oxide particle used as a photocatalyst - shelhtin oxide .... core: - a zinc oxide or various titanium 
oxide shell: - various titanium oxide .... core: - silicon carbide shell: - An anatase type titanium dioxide .... core: - 
particles, such as a rutile type titanium dioxide, are preferred. As described above, other active ingredients may be 
supported or doped by the shell layer. 

[0084]As coating liquid for photocatalyst layer formation, the same thing as said coating liquid for metal oxide 
semiconductor film formation can be used. On inorganic metal salt, an organic metallic compound, and a concrete target, 
as said binder, tetrachlorosilane, Titanium tetrachloride, a zirconium chloride, zinc chloride, tin chloride, a 
tetraethoxysilane, tetraisopropoxy titanium, a tetra isopropoxy zirconium, tetra isopropoxy zinc, tetra isopropoxy indium, 
tetra isopropoxy tin, etc. - other - the partial hydrolysate of these and a hydrolyzed-condensation-polymerization thing 
can be used. 

[0085]The metallic oxide particle used for the photocatalyst of this invention is the 1st or 2nd metallic oxide particle 
concerning above mentioned this invention. Namely, they are a core particle and a metallic oxide particle which consists of 
shell formed in the core particle surface, It is in the range whose mean particle diameter is 100-3100 nm, and is in the 
range whose mean particle diameter (Pc) of a core particle is 50-3000 nm, Shell is the particles which are the particle 
layers which consist of particles for shell formation in the range whose mean particle diameter (Ps) is 2-50 nm, (1) It is a 
metallic oxide particle higher the refractive index of the ingredient which constitutes the particles for shell formation than 
the refractive index of the ingredient which constitutes a core or higher than the band gap of the ingredient from which the 
band gap of the ingredient which constitutes the particles for (2) shell formation constitutes a core particle. 
[0086]Like the 1st metallic oxide particle, when the refractive index of a core particle is higher than the refractive index of a 
shell layer, the light which entered in the metallic oxide particle is used effective in activation of a catalyst by that which 
carries out multiple scattering within particles (refer to drawing 1 ). When the band gap of the ingredient which constitutes 
the particles for shell formation like the 2nd metallic oxide particle is higher than the band gap of the ingredient which 
constitutes a core particle, Since an absorption wavelength field can absorb now to a long wavelength region, the capacity 
factor of sunlight (visible light) can be raised, for example, and photocatalyst activity can be improved. 
[0087]ln the independent particles of an ingredient with an only high band gap, since multiple scattering between the 
particles in particles does not happen as described above, the capacity factor of light cannot be raised or electronic 
transition nature cannot be improved, neither photoelectric conversion efficiency nor catalytic activity can be improved. As 
catalytic reaction for which the photocatalyst of this invention is used, disassembly of reduction of nitrogen oxides, 
reduction immobilization of carbon dioxide, the quality of organicity in contaminated waste water, environmental hormone, 
etc., isomerization of an olefin, the photolysis of water, antifouling, mildewproofing, antibacterial properties, a 
deodorization reaction, etc. are mentioned. 

[0088]The metallic oxide particle of this invention is carrying out composition which was mentioned above, and its specific 

surface area of a shell layer is as high as 10-200-m 2 /g, Since it is accompanied by multiple scattering in a shell layer, and 
multiple scattering between metallic oxide particles (between core particles) while being able to make a sensor molecule 
stick to a shell layer so much, even if it is a weak light, it can use conveniently as a sensor of a photosensor. 
[0089]Since the band gap of the ingredient which constitutes the particles for shell formation is higher than the band gap 
of the ingredient which constitutes a core particle, the electronic transition from the sensor molecule of a shell layer to a 
core part happens easily, and for this reason, sensing accuracy can be raised. The metallic oxide particle of this invention 
is useful also as negative pole materials for cells, such as a rechargeable lithium-ion battery, further again. If the metallic 
oxide particle of this invention constitutes a rechargeable battery, using metal lithium as the anode, using the metallic 
oxide particle which is easily charged since the dielectric constant is high, for example, starts this invention highly [ the 
dielectric constant of a core particle ] as a negative pole material, it can electrify a core particle in negative more. In order 

to maintain this electric balance, Li + becomes easy to stick to a shell layer, and, as a result, it is thought that the 

accumulation-of-electricity efficiency of a rechargeable lithium-ion battery can be raised. 

[0090] 

[Effect of the lnvention]According to this invention, the metallic oxide particle consists of shell which consists of a core 
particle and particles for shell formation formed in the core particle surface, The shell layer has meso pore highly and 
specific surface area A catalyst component and photosensitization material, Since diffusion of a reactant and output is 
easy or an electronic transition becomes easy while being able to support or adsorb mostly a sensor molecule and the 

cation for batteries (Li + ion), a photocatalyst and a photoelectricity cell excellent in catalytic activity or photoelectric 
conversion efficiency can be obtained. 

[0091]Since the refractive index of the ingredient which constitutes a core particle is higher than the refractive index of the 
ingredient which constitutes shell, In order that incident light may carry out multiple scattering by a shell layer, the capacity 
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factor of light improves, and further, In order for the electronic transition from a shell layer to a core part to happen easily 
since the band gap of the ingredient which constitutes shell is higher than the band gap of the ingredient which constitutes 
a core, and to also absorb the light by the side of visible light more, It is useful also as a sensor of a photoelectricity cell, 
the negative pole material for rechargeable batteries besides a photocatalyst, and a photosensor, etc. 
[0092] 

[ExampleJHereafter, although an example explains this invention, this invention is not limited to these by the example. 
[0093] 

[Example 1] The titanium tetrachloride aqueous solution 160g whose concentration as preparation TiQ2 of a core particle 
is 28 % of the weight was diluted with the pure water 2000g. The ammonia solution 230g of 15 % of the weight of 
concentration was added to this, it hydrolyzed into it, and titania hydrogel was prepared. After washing this gel, pure water 
was distributed and 1500 g of titania hydrogel slurries whose concentration as Ti0 2 is 2 % of the weight were obtained. 

[0094]The tetramethylammonium hydride solution 54g of 25 % of the weight of concentration was added to 1500 g of this 
titania hydrogel slurry, subsequently, among autoclave, 20 time processings were performed at 200 **, and the dispersion 
liquid of the titania colloidal particle (A-1) were prepared. The mean particle diameter of the obtained particles was 300 
nm. The dry particles were rutile type titanium dioxides by the X diffraction. The mean particle diameter and the refractive 
index of a core particle are shown in Table 1 . 

[0095]Measurement of the refractive index of a core particle was performed as follows. The particles which trickled 2-3 
drops on the glass substrate, and dried to this the standard solution whose refractive index is known at 120 ** were mixed, 
and the refractive index of the standard solution when mixed liquor (it is the paste state in many cases) becomes 
transparent was made into the refractive index of a core particle. 

The titanium hydride powder of 5 g of preparation of the particles for shell formation was suspended to the pure water 1 L, 
and it added to this in 30 minutes, subsequently to 80 **, the hydrogen peroxide solution 400g of 5 % of the weight of 
concentration was heated to it, it dissolved in it, and the solution of peroxotitanic acid was prepared. Concentrated 
ammonia water was added to this, pH was adjusted to nine, subsequently, among autoclave, 5 time processings were 
performed at 250 **, and the dispersion liquid of the titania colloidal particle (A-2) were prepared. 
[0096]The dispersion liquid which mixed the dispersion liquid 670gof the preparation titania colloidal particle (A-1) of a 
metallic oxide particle and the dispersion liquid 1400g of the titania colloidal particle (A-2), and were mixed using aqua- 
fortis solution were adjusted the pH to 5. Subsequently, after heat-treating at 80 ** for 5 hours, the metallic oxide particle 
(A) which dries after separation and washing and has core shell structure was prepared. 

[0097]Descriptions, such as an obtained metallic oxide particle, are shown in Table 1. The refractive index of the shell 
layer was measured as follows. After applying the dispersion liquid of the particles for shell formation by the spinner 
method on the silicon wafer which kept the surface at 50 ** and heat-treating them at 160 ** subsequently for 30 minutes, 
the refractive index was measured by the ellipsomter and this was shown in the table as a refractive index of a shell layer. 
[0098]The formation metallic oxide particle (A) of a metal oxide semiconductor film is condensed to 10% of concentration, 
Said peroxotitanic acid solution is mixed so that the weight ratio (peroxotitanic acid/metallic oxide particle) of the oxide 
conversion of a peroxotitanic acid solution and a metallic oxide particle may be set to 0.1, Hydroxypropylcellulose was 
added as a film formation auxiliary agent, and the coating liquid for semiconductor membrane formation was prepared so 
that it might become 30% of the weight of the weight of all the oxides in this mixed liquor. 

[0099]Subsequently, the tin oxide which carried out the fluoride dope applied and air-dried said coating liquid on the clear 

glass board formed as an electrode layer, irradiated with the ultraviolet rays of 6000 mJ/cm 2 using the low-pressure 
mercury lamp succeedingly, peroxoic acid was made to decompose, and the coat was stiffened. The coat was heated for 
30 minutes at 300 **, decomposition and annealing of hydroxypropylcellulose were performed, and the metal oxide 
semiconductor film (AS) was formed. 

[0100]The pore volume and the average pore size for which it asked by the thickness and the nitrogen absorption method 
of the metal oxide semiconductor film (AS) which were acquired are shown in Table 1 . 

The ethanol solution of adsorption of photosensitization material , next the 3x10 ~* mol/liter concentration of the ruthenium 

complex expressed with ****- (SCN ' )-bis(2,2*-bipyridyl 4,4-dicarboxylate)ruthenium (II) as photosensitization material was 
prepared. This photosensitization material solution was applied to up to a metal oxide semiconductor film (AS) using 
rpm100 spinner, and it dried. This spreading and drying process were performed 5 times. The amount of adsorption of the 
photosensitization material of the obtained metal oxide semiconductor film is shown in Table 1 . 
[0101]Tetrapropylammonium iodide to the solvent mixed so that the volume ratio (acetonitrile: ethylene carbonate) of 
creation acetonitrile and ethylene carbonate of a photoelectricity cell might be set to 1:4 0.46 mol/l. Iodine was mixed so 
that it might become in I. and 0.06 mol /, and the electrolytic solution was prepared. 
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[0102]Use as one electrode the electrode prepared above, and the tin oxide which carried out the fluoride dope as an 
electrode of another side is formed as an electrode, The clear glass board which supported platinum on it has been 
arranged face to face, the seal of the side was carried out by resin, the above-mentioned electrolytic solution was 
enclosed with inter-electrode, inter-electrode was further connected with the lead, and the photoelectricity cell (A) was 
created. It irradiated with the photoelectricity cell (A) by the solar simulator according to 90 degrees (a cell face and 90 

degrees) of incidence angles of the light of the intensity of 100 W/m 2 , and it measured Voc (voltage of an open circuit 
condition), Joe (density of the current which flows when a circuit is short-circuited), FF (curvilinear factor), and eta 
(conversion efficiency). A result is shown in a table. 

[0103]After stiffening a coat using the clear glass board with which the preparation electrode layer of a photocatalyst is not 
formed, the photocatalyst (AC) as well as a metal oxide semiconductor film (AS) was prepared except having heated the 
coat for 30 minutes at 450 **. 

The container made from an activity evaluation quartz cell (for optical measurement: 10x10x45 mm) was filled up with the 
methylene blue solution with a concentration of 10 ppm, the photocatalyst (AC) was immersed in this, it irradiated with Xe 
lamp (2 kW, the spectrum wavelength range of 209-706 nm), and the absorbance in the wavelength of 460 nm after 5 
hours was measured. 

[0104]The absorbance of the solution before Xe lamp radiation was set to 1. It is shown that a reaction progresses and 

methylene blue is decreasing, so that an absorbance is low. A result is shown in Table 1. 

[0105] 

[Example 2] As a core particle core particle, the dispersion liquid of the titania colloidal particle (A-1) were used. 
The titanium hydride powder of 5 g of preparation of the particles for shell formation was suspended to the pure water 1 L, 
and it added to this in 30 minutes, subsequently to 80 **, the hydrogen peroxide solution 400g of 5 % of the weight of 
concentration was heated to it, it dissolved in it, and the solution of peroxotitanic acid was prepared. Tetra 
MECHIRUMMONIUMU hydride solution was added to this, pH was adjusted to nine, subsequently, among autoclave, 5 
time processings were performed at 250 **, and the dispersion liquid of the titania colloidal particle (B-2) were prepared. 
[0106]The dispersion liquid which mixed the dispersion liquid 670g of the preparation titania colloidal particle (A-1) of a 
metallic oxide particle and the dispersion liquid 1400g of the titania -colloidal particle (B-2), and were mixed using aqua- 
fortis solution were adjusted the pH to 5. Subsequently, after heat-treating at 80 ** for 5 hours, the metallic oxide particle 
(B) which dries after separation and washing and has core shell structure was prepared. 
[01 07] Descriptions, such as an obtained metallic oxide particle, are shown in Table 1. 

The metal oxide semiconductor film (BS) as well as a metal oxide semiconductor film (AS) was formed except formation 
metallic oxide particle (B) of a metal oxide semiconductor film Having used. The pore volume and the average pore size 
for which it asked by the thickness and the nitrogen absorption method of the metal oxide semiconductor film (BS) which 
were acquired are shown in Table 1 . 

[0108]Except having used the creation metal oxide semiconductor film (BS) of the photoelectricity cell , adsorption of 
photosensitization material, enclosure of the electrolytic solution, etc. were carried out like Example 1, and the 
photoelectricity cell (B) was created. Voc, Joe, FF, and eta were measured about the photoelectricity cell (B). A result is 
shown in a table. 

[0109]After stiffening a coat using the clear glass board with which the preparation electrode layer of a photocatalyst is not 
formed, the photocatalyst (BC) as well as a metal oxide semiconductor film (BS) was prepared except having heated the 
coat for 30 minutes at 450 **. 

About the activity evaluation photocatalyst (BC), the absorbance was measured like Example 1. 

[0110]A result is shown in Table 1. 

[0111] 

[Example 3] The titanium tetrachloride aqueous solution 160g whose concentration as preparation TiO ? of a core particle 

is 28 % of the weight was diluted with the pure water 2000g. The ammonia solution 230g of 15 % of the weight of 
concentration was added to this, it hydrolyzed into it, and titania hydrogel was prepared. After washing this gel, pure water 
was distributed and 1500 g of titania hydrogel slurries whose concentration as Ti02 is 2 % of the weight were obtained. 
[01 12]The tetramethylammonium hydride solution 54g of 25 % of the weight of concentration was added to 1500 g of this 
titania hydrogel slurry, subsequently, among autoclave, 20 time processings were performed at 230 **, and the dispersion 
liquid of the titania colloidal particle (C-1) were prepared. The mean particle diameter of the obtained particles was 80 nm. 
The dry particles were rutile type titanium dioxides by the X diffraction. 

[01 13]As particles for preparation shell formation of the particles for shell formation , the dispersion liquid of the titania 
colloidal particle (A-2) of Example 1 were used. 
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The dispersion liquid which mixed the dispersion liquid 670g of the preparation titania colloidal particle (C-1) of a metallic 
oxide particle and the dispersion liquid 1400g of the titania colloidal particle (A-2), and were mixed using aqua-fortis 
solution were adjusted the pH to 5. Subsequently, after heat-treating at 80 ** for 5 hours, the metallic oxide particle (C) 
which dries after separation and washing and has core shell structure was prepared. Descriptions, such as an obtained 
metallic oxide particle, are shown in a table. 

[01 14]The metal oxide semiconductor film (CS) as well as a metal oxide semiconductor film (AS) was formed except 
formation metallic oxide particle (C) of a metal oxide semiconductor film Having used. The pore volume and the average 
pore size for which it asked by the thickness and the nitrogen absorption method of the metal oxide semiconductor film 
(CS) which were acquired are shown in Table 1. 

[01 15]Except having used the creation metal oxide semiconductor film (CS) of the photoelectricity cell , adsorption of 
photosensitization material, enclosure of the electrolytic solution, etc. were carried out like Example 1, and the 
photoelectricity cell (C) was created. Voc, Joe, FF, and eta were measured about the photoelectricity cell (C). A result is 
shown in a table. 

[01 16]After stiffening a coat using the clear glass board with which the preparation electrode layer of a photocatalyst is not 
formed, the photocatalyst (CC) as well as a metal oxide semiconductor film (CS) was prepared except having heated the 
coat for 30 minutes at 450 **. 

The back absorbance made to react like Example 1 about an activity evaluation photocatalyst (CC) was measured. A 

result is shown in a table. 

[0117] 

[Example 4] As a core particle core particle, the dispersion liquid of the titania colloidal particle (A-1) prepared in Example 
1 were used. 

Dissolved zinc chloride of 200 g of preparation of the particles for shell formation in the pure water 10L, and added sodium 
carbonate solution, precipitate of zinc hydroxide was made to generate, and filtration washing of this was carried out. 
Subsequently, the diluted ammonia water 15000g was made to distribute the washed zinc hydroxide, among autoclave, 5 
time processings were performed at 250 **, and the dispersion liquid of the zinc oxide colloidal particle (D-2) were 
prepared. 

[01 18]The dispersion liquid which mixed the dispersion liquid 670g of the preparation titania colloidal particle (A-1) of a 
metallic oxide particle and the dispersion liquid 1400g of the zinc oxide colloidal particle (D-2), and were mixed using 
aqua-fortis solution were adjusted the pH to 4. Subsequently, after heat-treating at 80 ** for 5 hours, the metallic oxide 
particle (D) which dries after separation and washing and has core shell structure was prepared. Descriptions, such as an 
obtained metallic oxide particle, are shown in a table. 

[01 19]The metal oxide semiconductor film (DS) as well as a metal oxide semiconductor film (AS) was formed except 
formation metallic oxide particle (DV"of a metal oxide semiconductor film Having used. The pore volume and the average 
pore size for which it asked by the thickness and the nitrogen absorption method of the metal oxide semiconductor film 
(DS) which were acquired are shown in Table 1. 

[01 20] Except having used the creation metal oxide semiconductor film (DS) of the photoelectricity cell , adsorption of 
photosensitization material, enclosure of the electrolytic solution, etc. were carried out like Example 1, and the 
photoelectricity cell (D) was created. Voc, Joe, FF, and eta were measured about the photoelectricity cell (D). A result is 
shown in a table. 

[0121]After stiffening a coat using the clear glass board with which the preparation electrode layer of a photocatalyst is not 
formed, the photocatalyst (DC) as well as a metal oxide semiconductor film (DS) was prepared except having heated the 
coat for 30 minutes at 450 *\ 

About the activity evaluation photocatalyst (DC), the absorbance was measured like Example 1. 

[0122]A result is shown in Table 1. 

[0123] 

[Example 5] As a core particle core particle, the dispersion liquid of the titania colloidal particle (A-1) were used. 
The titanium hydride powder of 5 g of preparation of the particles for shell formation was suspended to the pure water 1L, 
and it added to this in 30 minutes, subsequently to 80 **, the hydrogen peroxide solution 400g of 5 % of the weight of 
concentration was heated to it, it dissolved in it, and the solution of peroxotitanic acid was prepared. Concentrated 
ammonia water was added to this, pH was adjusted to nine, subsequently, among autoclave, 5 time processings were 
performed at 250 **, and the dispersion liquid of the tin-oxide colloidal particle (E-2) were prepared. 
[0124]Dissolved 100 g of potassium stannate 3 monohydrates in the pure water 10L, and added nitric acid to this, 
precipitate of tin hydroxide was made to generate, and filtration washing of this was carried out. Subsequently, the pure 
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water 5000g was made to distribute the washed tin hydroxide, the ammonium tetra hydride solution of 10 % of the weight 
of concentration was added to this, pH was adjusted to 1 1 , among autoclave, 1 0 time processings were performed at 200 
**, and the dispersion liquid of the tin-oxide colloidal particle (E-2) were prepared. 

[0125]The dispersion liquid which mixed the dispersion liquid 670g of the preparation titania colloidal particle (A-1) of a 
metallic oxide particle and the dispersion liquid 1400g of the tin-oxide colloidal particle (E-2), and were mixed using aqua- 
fortis solution were adjusted the pH to 4. Subsequently, after heat-treating at 80 ** for 5 hours, the metallic oxide particle 

(E) which dries after separation and washing and has core shell structure was prepared. Descriptions, such as an 
obtained metallic oxide particle, are shown in Table 1 . 

[0126]The metal oxide semiconductor film (ES) as well as a metal oxide semiconductor film (AS) was formed except 
formation metallic oxide particle (E) of a metal oxide semiconductor film Having used. The pore volume and the average 
pore size for which it asked by the thickness and the nitrogen absorption method of the metal oxide semiconductor film 
(ES) which were acquired are shown in Table 1. 

[0127]Except having used the creation metal oxide semiconductor film (ES) of the photoelectricity cell , adsorption of 
photosensitization material, enclosure of the electrolytic solution, etc. were carried out like Example 1, and the 
photoelectricity cell (E) was created. Voc, Joe, FF, and eta were measured about the photoelectricity cell (E). A result is 
shown in Table 1 . 

[0128]After stiffening a coat using the clear glass board with which the preparation electrode layer of a photocatalyst is not 
formed, the photocatalyst (EC) as well as a metal oxide semiconductor film (ES) was prepared except having heated the 
coat for 30 minutes at 450 **. 

About the activity evaluation photocatalyst (EC), the absorbance was measured like Example 1 . 

[0129]A result is shown in Table 1. 

[0130] 

[Example 6] The preparation zinc oxides 200g of the core particle were suspended to the pure water 1 L, the acetic acid 
20g was added to this, it ground by the sand mill for 2 hours, the coarse particle was removed, and the dispersion liquid of 
the zinc oxide colloidal particle (F-1) of 10 % of the weight of concentration were prepared. 
[0131]The mean particle diameter of the obtained particles was 300 nm. 

As particles for preparation shell formation of the particles for shell formation , the dispersion liquid of the titania colloidal 
particle (A-2) of Example 1 were used. 

The dispersion liquid which mixed the dispersion liquid 67g of the preparation zinc oxide colloidal particle (F-1) of a 
metallic oxide particle and the dispersion liquid 1400g of the titania colloidal particle (A-2), and were mixed using aqua- 
fortis solution were adjusted the pH to 5. Subsequently, after heat-treating at 80 ** for 5 hours, the metallic oxide particle 

(F) which dries after separation and washing and has core shell structure was prepared. Descriptions, such as an 
obtained metallic oxide particle, are~~shown in a table. 

[0132]The metal oxide semiconductor film (FS) as well as a metal oxide semiconductor film (AS) was formed except 
formation metallic oxide particle (F) of a metal oxide semiconductor film Having used. The pore volume and the average 
pore size for which it asked by the thickness and the nitrogen absorption method of the metal oxide semiconductor film 
(FS) which were acquired are shown in Table 1 . 

[0133]Except having used the creation metal oxide semiconductor film (FS) of the photoelectricity cell , adsorption of 
photosensitization material, enclosure of the electrolytic solution, etc. were carried out like Example 1, and the 
photoelectricity cell (F) was created. Voc, Joe, FF, and eta were measured about the photoelectricity cell (F). A result is 
shown in Table 1 . 

[0134]After stiffening a coat using the clear glass board with which the preparation electrode layer of a photocatalyst is not 
formed, the photocatalyst (FC) as well as a metal oxide semiconductor film (FS) was prepared except having heated the 
coat for 30 minutes at 450 **. 

The back absorbance made to react like Example 1 about an activity evaluation photocatalyst (FC) was measured. 

[0135)A result is shown in Table 1. 

[0136] 

[Comparative example 1] The solution which dilutes the titanium tetrachloride of 18.3 g of preparation of a titanium oxide 
particle with pure water, and is contained 1.0% of the weight by Ti0 2 conversion was obtained. Agitating this, the 

ammonia solution of 15 % of the weight of concentration was added, and the white slurry of pH 9.5 was obtained. Filtration 
washing of this slurry was carried out, and the cake of 10.2% of the weight of hydration titanium oxide gel was obtained by 
Ti02 conversion. The hydrogen peroxide 400g of 5 % of the weight of concentration was mixed with this cake, and 
subsequently to 80 ** it heated, and dissolved, and the solution of peroxotitanic acid was prepared. Concentrated 
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ammonia water was added to this and it prepared to pH 10, and it put into autoclave, and it carried out at 250 ** for 8 
hours, water heat treatment was performed under maximum vapor tension, and the titania colloidal particle (G) was 
prepared. 

[0137]The mean particle diameter of the obtained particles was 40 nm. The dry particles were anatase type titanium 
dioxides by the X diffraction. 

The metal oxide semiconductor film (GS) as well as a metal oxide semiconductor film (AS) was formed except formation 
titania colloidal particle (G) of a metal oxide semiconductor film Having used. 

[0138]The pore volume and the average pore size for which it asked by the thickness and the nitrogen absorption method 
of the metal oxide semiconductor film (GS) which were acquired are shown in Table 1 . 

Except having used the creation metal oxide semiconductor film (GS) of the photoelectricity cell , adsorption of 
photosensitization material, enclosure of the electrolytic solution, etc. were carried out like Example 1, and the 
photoelectricity cell (G) was created. 

[0139]Voc, Joe, FF, and eta were measured about the photoelectricity cell (G). A result is shown in Table 1 . 
After stiffening a coat using the clear glass board with which the preparation electrode layer of a photocatalyst is not 
formed, the photocatalyst (GC) as well as a metal oxide semiconductor film (GS) was prepared except having heated the 
coat for 30 minutes at 450 **. 

[0140]The back absorbance made to react like Example 1 about an activity evaluation photocatalyst (GC) was measured. 

A result is shown in Table 1. 

[0141] 

[Comparative example 2] as core particle core particle dispersion liquid - silica - sol (Catalyst Chemical Industry: - Katha 
Lloyd SI-30P.) Using the hydrosol of the mean particle diameter of 30 nm, and 30 % of the weight of concentration, ethyl 
Cellosolve was put into this sol, solvent substitution was carried out in the rotating evaporator, and the ethyl Celiosolve 
dispersion liquid of the silica core particle were obtained. i 

[0142]Next, ethyl Cellosolve was added to these silica core particle dispersion liquid, and the core particle dispersion liquid 
of 5 % of the weight of concentration were prepared. 

The acetylacetonate alkoxide titanium obtained by making 3.5 g of isopropoxy titanate react to 1 .2 g of acetylacetones 
separately to the preparation core particle dispersion liquid 100g of the metallic oxide particle is added, It processed at the 
temperature of 80 ** and the core particle was covered with the hydrolyzate (titanium hydroxide) of titanium, it added to 
this and the hydrogen peroxide solution 10g of 36 % of the weight of concentration was further heat-treated to it. 
[0143]The solution of peroxotitanic acid prepared separately was added, the 4th [ further ] class ammonium hydroxide was 
added, and it prepared to pH 12, and subsequently to this, 200 **-12 time processing was carried out with autoclave, and 
the metallic oxide particle (H) was prepared to it. Descriptions, such as an obtained metallic oxide particle, are shown in 
Table 1. 

The metal oxide semiconductor film (HS) as well as a metal oxide semiconductor film (AS) was formed except having 
used the formation metallic oxide particle (H) of the metal oxide semiconductor film . 

[0144]The pore volume and the average pore size for which it asked by the thickness and the nitrogen absorption method 
of the metal oxide semiconductor film (HS) which were acquired are shown in Table 1 . 

Except having used the creation metal oxide semiconductor film (HS) of the photoelectricity cell , adsorption of 
photosensitization material, enclosure of the electrolytic solution, etc. were carried out like Example 1, and the 
photoelectricity cell (H) was created. 

[0145]Voc, Joe, FF, and eta were measured about the photoelectricity cell (H). A result is shown in Table 1. 
After stiffening a coat using the clear glass board with which the preparation electrode layer of a photocatalyst is not 
formed, the photocatalyst (HC) as well as a metal oxide semiconductor film (HS) was prepared except having heated the 
coat for 30 minutes at 450 **. 

[0146]The back absorbance made to react like Example 1 about an activity evaluation photocatalyst (HC) was measured. 
A result is shown in Table 1. 
[0147] 
[Table 1] 
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(Pc) #5 0-3 0 0 0 nmCDi5H^Cft«9 x 
iWB#, (Ps) #2 — 5 0nm<Dffim<D*s 

x^JB^ttfflatt^easattT-jBr*?), PciPs 
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ytim.-teMci6\,*x. £mm<tv>)!m#m<i2-)&. Mie 
^1 tttc{zm2<D&mmwm. : t-*<§;?j-. *>o^^< i 

J: Cf«BB**a9!tt*Wl/rt»* Ci4 
<%WltLXl>2>. 

[0 0 5 0] CCiV^lI^iltit /ci^. 
.®W*®*bfc^ftffi2 *Sf^§nr/j:SSS5 <t . 

wmK.m7ttmm*m? zmmm 3 ■sas 6 1 
*s. frassiB lfe^o's^isj-r^i^fciegsn. 
3 6 K^Hi^bW^ft® 2 i^BJUSB 3 <t©p a ^«:m 
ft?M4*5#tAsnrc»-S)„ 

[0 0 5 1 ]2iSfi5iLtiW7^1«, PET? 

4Bji^ci*5tss. */c. a^6 tuxiz&micwi 

A*5lUS*WLri»n05|#{cWIHBfi:< . tf^xmWL. 
P E T?©WtS^ >; -7-S«^©ii&^ttSe©ffetc. ^ 
H?^>. i!7;i'5- , >A, »*-ju«c 

[0052] mmmmbmmvz^f&^intcmn^Mm 1 

i L/"CB. W.im> Sb, F*/cBP*5K-b->^$tl 
/c^{b$i, S n *J J: OV£ fcB F K - tT> y 3 ti/cB? 
{b-Y>y^A, BWbT>^*>. ^{bffi^S, S^H?^ 

ftimfilltt. f^^flSft. CVDftttt'CSE^ 

©^S«c <fc o ffj^-T & c £ #-c 

[0 05 3] *«6^®tC^3nfc^@S3 £ 

*i K - fcf> d/ 3 n/cK-fb^. Snfei: V/S. /cB F *i K 
- f > ^ 3 ftfcK{b -C ^ A . ®KbT > & £•© 



C8) 

03 

[0054] CQ<t5 ftSSJS 3 «. 6 ±SC buIS^I 

» * * 4 1» ^ a t"mi£tii<D*mi*: <t o j^gs-r 

B l £li]«K:aBjs&c£>oT£><fcb> <> 10 

[0 05 5 ] >gBJ3S«5 iSHj^^g l ©nj«#jg}asg 

ramv#a$s?£i>< . sweets 5 o%jy±> 

#5 0%*^©^«#S^&$l5!l*#{£< 45Ci#ft 
4. cn6®W«ffiB lfcitfSffilSOiglnffiW:. & 
«100 Q/c m'WTT*SC t,b>„ m®l 

©ffilnffitfl 0 0 2/ c m 1 ^a^rl < 4 5 

[0 05 6 ] #JS$KbW£2i#Jg2 «. »«6±&C«?/& 

Ss = (Sp-Sc- a) / 

(%) *KM{beitt-7-©J|a*&7«*t 1 0 0 n 

m*»-C**i. *frPS*»*f*iT £:&©&S©l/2 

<=>*iftb>. 

[0 06 0 ] g/c, ¥-m&*&&6 0 0 nm4iA5 
i. ^Mfbft^tt«D^*q^#£fc*C£*i* 30 

!K8l«#t»6nttC» C J^©J:baffiS*5 
2 0 Om'/g^lS*. IP^C©*§£W^>x;U 
Jgii 5 t> a#T&&< ft«J . j< y#T#^tti»;rc«Mc* 
8?Jf ^©teffctf^fl- <!: ft 9 ft#ft ft^&StliSanf 6 
ftftb>C 

[0 06 1 ] ttB&JXBNb«¥*f*ll2tt. tuIS^ISiS 
{ b^&T- £ £ K^' A > ^-J&fr^A/Cb** C £ Wttf 

- t> a; w > #-ft i'^if en 

[0 06 2 ] C©<fc 5 ft^'-O ->xJU^ 
ffl®^ £ Rl££©&IR%4> 4 b » »W*S#Jlf t&W)<DM 

&SUTvOMb^£C£fcJ:oTf#S£:£#-Ci*-5 0 c 50 
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: fb^»{*)S2 ©MJItt. 0 . 1- 5 0 Mm©®ffl«:$> 

fit i * fctem 2 ©&fli«tf tftt4-y-©fca»-c . y-vm.* 

Wfi\ 0 0~6 0 0 nmCffifflfC*?). ->*;MI 
©Jfc«MS#l 0~2 0 0m , /g©&ffl«:$>.2>:&JgI£ 

[0 05 7] sfeJiraMbtttt^^iftfft-TSjW 1 0 0 n m 
*i®©*§£». S#U Vifcft© 1 /2 «fc <9/JnS < ft 
D :£©ffcSl#<ET 0*©*lfli*3fti|SLh-r * J»*3&*» 6 ft 
ftb>. Sfc. ¥*>l^S*56 0 0 nm^r^itSi. 

[0 05 8 ] $ fc. J£f|®«** 1 0 m 2 /& *«©*§£■ 
(mtiRulift) ©®#S^>ft<ft«3. 

^ft^s^^*5^e.nftc^ci*5** 0 ib^sa 

*«2 OOm'/g^ri^i, i^* )\>m<OW¥Mft'bZ 
b » *> © i ft <3 . S^Mft i'©S£^*^5iE» i ft * 

^ftTtm^^^wenftb^c; iA^**,, 

[0 0 5 9 ] ftfc, V*^Jl©lta®a«> TIE5£(A) 
1 -a) ••• (A) 

5 1 ^ >^yjb $ /c« ^-il/di 6 ft £ ®K b ^ > . ^ 
>^y;b * /ctt^KcSkK-f bzKSS^ftlil-C^*^ ^ >^ 

«r^«ufc^;u^* v 9 1 ^ >^©^^ft i*s^tf 6n 

[0 0 6 3 ] C CD J: ^ ttBWfc?- 3? >^<>f > ^-fiS^«, 

[0 06 4 ] *«»ffcW*aW*«24i<0^<-f >y-«6» 
i^JBMIb^tft^Otb^W, Wb^feffcofifitb (^V 
> #-l&ft/&mmitWl%L*) "CO. 0 5-0. 5 0, 0 
Sl<«0 .1-0.3 <D£gfflk:&£C<t#M£l/t>o S 

UlSfiSib^O .5 0*jB*TiBl»»&«:3HFLB 

tt^jTOfb^^B^wentti^fl^jw*?). $e>^c 

[0 0 6 5 ] &JHmb«^NMiEA2 .WaS«*S0 . 
0 5— 0.8ml /z, ^tffl?LS*5 2 — 2 5 0 nm<D 

0.8ml/g 4jffliri*C>Jft&K:«^a»i*lRF«g<Da^ 
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mmfimr u 250 n m&mz.-cm^m&iz*m&m 
[0066] c<D£5tj:&mMit®)¥m#m2iz, m*. 

l£GT^>#-l£#©iiufg&£^t?C<hA5r#£,, 10 

[0 06 7 ] fuiB£MI^b^^©^:c;u#ISJItt®Kb 

[0068] fcnmitz-it fr&tc&y mx. 

[0069] ^mifcm^zftm^frm&mmm* 
ss»©«rig#*iWk*Mo,aL)-cab. £flWMfci«w- 

*MOx(2)-t-SL//ct ^©fifiJt (MO, Cl)/MOx 
C2)) "CO .0 3-0 .5 0, ttf£U< B0 . 1 ~0 .3© 30 
§Effl&C#>&C<!:#M*lA>. SfitbA* 0 . 0 3 *7iTC 
B, ^»<fc**»(*il<D!fitt^»**tt**^»itt4 

SStbPO .5 0£&x.Tiif<,>Jf-£B£?[jr& 

[0070] c©i -5 tt&mmwtom > ^-^©h? 

^KMt^fiSffi^ifi4>(c. (MO, (l)+ MO, (2) ) 
il/Tl ~3 011%. S?&L< B2~2 0 M%©il 40 

[0 07 1 ] $ f>(C. 2tc^BJ«:rac>-57lc^m-fe^ffl^ 

^b^3*«{*)g^fiS;ffl^««:B. Sgtcfccrmm 
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[0072] *mwicm^2>?tmm.-b>im&mwtik®m 
tcj&jss n^mmtw^mwmommifi o . 1 ~ 5 0 

Mm©&ffl£fr&<£5K:^ij£tt££<L#5#£Ll,\ & 
[0 0 7 3 ] SMSgl^TO^iS-C^ SfflflTCfctl 

WB. 0. 1 —5 0 Mm<D^fflfrC£>£C£jW£ 
*^36««CW6 *»iR L xmm? *>h<DXh n«#tcffl 
[0 0 7 5 ] WlSfi^ilt^, fl^^C*ul<*^>;l> 

o-X-^>^7;l/, P-^5>B, ^DA7Wb 
[0 0 7 6 ] ^)lig»<h Ittt, ^63^1-220380 

(2,2 , -tfXt*U^;U-4,4 , -^^;U^+t/^- h), 

(S c n- )-e x (2 ,2 tr »; ^;v-4 t 4 ;u#^-> u 

2 • - fcf f »J ^;l/-4 f 4 • - t^ ^7 )i ^ - b ) Sr <Jf O 
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f jswa^s^SfflrarSo s&ccs&scciet; 10 [0081] [^^]*fe0jtc(^s*gfigi« x fate l ft 

r*n«J:<, Sttttfctt, T^3-;l/5K, ^LTfflUSC t 4>-C#£ 0 s 6 testers or > 

y;l/^ N-y^b'P'jFX fF7bFo^7>??: [0 08 2 ] CO<t 5 ft36ftBfl|OffifflJg« i LT^tC 

icisci#r«4. «DRttft<, w*tf* Jja^mwbBrti^-**©*** 

[0078] &mmittymmi*mimm2*t2>ftt%mitt motm^wcs^xm^^ctt^^. jn>#-m 

(DS«, &KK{btt^«»MOitSna 1 cm l W 20 »i«^Lr*ftWi»J&JSSfflS6ff?R4 U #^X. PE 

5 0 Mff«±r*4Ci*sjf*L/C*. 3iytJB*f<3T)«3&s 5 T\ £JS* -fe^ £ * ^*ft df©a«(c»S • ^MLXWi 

wt«$n^o ru, os, ir, au, f emomitMTttemzm'? 

[oo7 9]i^tmct§t^iLt^ f h77" **«ja»*s*tf6ti4. ctih^m^m<otm. f- 

*y^A, ftJR (Br/Br,) rilffc* V J 9A««s» 30 C £©<£ oTlBSJT & C # 6 e 

tf^n^o is^^cfc^rticne^s^urffiffl-rsc [oos 3] ^ftfWiLr^^ni^KM^tt^f-t 

[0 08 0] C©<fc 5ftWK©tfM»tt* mjgftcD®* 

is * ^ : b X X •••••*• P7:» bEiB * b 9 Z > 

[0084] jt«W«JB?^J3E«^«i mife#/l 40 tfrF-ga* 1 0 0 - 3 1 0 0 n m£>ffiHte& 0 , r> 7Si=- 

mitm^mwmmf^mmimtmci>(D^mi>i>ct^ <Dy-%$&*& (p c ) #50-^300 onm©ffiH*c* 

"C^S, ttBB^-f>y-iOrj|R«*l«tt, 0, ^>x;W, ^*tt-T« (Ps) #2^50nm©B 

iS{b^=3^^A, ^{bffiiS, ^{b^X, f F7iF+ iFt*ot, (1) ^x;«ffl»?:»^fi!c» 

^>^>, f-Y^-iyVuttisritls, f F7^V7* C0IJr$^n7l:Mt^^(DIJT$J: 0 

h^^y^P^+5>^>^^A, f F7^y^o*^^ F*> v 7"^3 7& : f4«fiStS^©A> F*> ^ ^ 

«:ffll>5C<bmS. [0 0 8 6] ^ 1 O^KBt^bfttt-T-OJ: 5 tc. ^7JH 

[0 08 5] ^^OTtM^^fflC^nS^ll^b^lSi so ©S*t*#^*^H(D®3t*J: *9 «>Sfl»i«^ &RK<b 



19 

F*> 9 ^3Ttt^S:«J5S-r4S8^»©/< 
[0 0 8 7 ] ate, #6C/0 F*> 9 ^***l^fiE»©* 

H£<b. »s#*4>©wsBt ant* 
*w <y<ommt. wst 

[0 08 8 ] ^mo&niMHm-rttirjfioft: 
<t5a«ja*LTteo, vxjwi©jt*msw*i 0-2 

K» 3 * S C <b * r * * i «b CC ^> * ; l/» r S» 

[0 08 9] ^>^«ffl»i»^^ 
F*> -> 7**S37li[^*flctS^O^> F+* 

^-<£>fSS*;MSl>> TafofeB«*#iSl>:te«>?$*L^ 
WiWSi, 37WtJ:0)lK:ft3«C4# 

So 

[0 09 0] 40 

iff £ 3 7ttT«Hocji»K $ n/c-> x >mtiLmVL*tip e 

a * * 6 ft o r te 0 . * ;i/jf i;ttk&SfR*siK < 

[oo9i]$/c artft^flifiRrs^oasf*^ 50 
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)im r a»*# ^fi tfcSL-r & & «> Katowfli *jw* ± 

U Se>tc, ^x^*««-r5JS^CD^O F*> 
37«1*S^(D/0 F*> 9 7 £ 0 &Xl^A(C 

[0 09 2] 
[00 9 3 ] 

[HSfe^l 1 ] n 7tt^(DB» 

Ti0 2<t LX<Digm.ifi2 811%(DaM^^>« 
«1 6 0 gr*«*2 0 0 0 firr*3RL/c. C^cflgl 

5ma%cDT>^r^T7K2 3 o g zmrnis-cmfrfm 

fcflL «*CC»»3#, TiO,<t LT<D?£tt#2*fi% 
(Df^Tt Ko^7 y- 1 50 0g>&fl/c o 
[0 094] CCD^^^Tt FoW^5 y — 1 500 

^4 F*S*5 4 *48SJfllU oiir*-h^U-y 
4>* 2 0 0 - C-C2 0^ffflMS*tf^r^^-T3P-f F 
HHP (A-i) ©#ffc&£P)S?L/Co #6n/cST-0¥^) 
MJ3 0 0nm-C*o/c 0 Sfc, RttL/cfilflJX 

[0095] ate, ^r^commmcommimTcoj: 
5 g t £ >»**i«* i l tcmm u c 

fi5ttfi%CDM^b^*4 0 0 sr S: 3 0 ^ffl-caSJD 
^•C8 0"CCCftlJ»Ur«flBL, ^u^- + v^^> 

pH£9 tCig^L, OtiT^-- h ^u-^cf3^ 2 50°C 
-C5B#r H 1^Jl*tfor^^^T3 0^ Ftt-T- (A-2) CD 

[0 09 6 ] #MMb^£Qjgg 

?^730-f Ftft^F (A-l) CD»tfe^6 7 0gif^ 
^T^P-Y FfiT- (A-2) 4 0 0 g^:®^ 

*iBK**«*ffllirfi^Lte»»«*pH5(CH 

^u/co oi^r8 o-cr5B#p H ^n^SL/cm, »«, 

(a) zi®mutc 0 
[0097] nt*titc£mm<t®%L*m<D&vizm 1 

^*r. ate. ^x;hkd®St^«. fciTo<fc^tcur#j 
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t>*C 1 6 0 °C-e 3 0 LfcfiL x V y'y y - £ 
[0 09 8 ] ^g^-fb^^ft^CDff^ 

^mmwrnsfr (a) **g^i o%s-c?msu nyis^ 

^/^Jl^t^iT-) 36*0 . 1 &%SJ:9K:8teU C 10 

<Dm&fo t P<D±wtitty<Dmm<D 3 o n% t u *> & *> tc 
«u e^»u 3i»«*(SE*«i8'7>^ , *ffl^re 

OOOmJ/c m* <Dm9\-m*m$ilsX^Jl**vm& 
SMBS-H"* MR*Wfc3*fc. lII:300 e Ct'30» 

T^-y>y*fTor*«Mft»^3W*il (AS) 20 
[0100] »6tt/c^&{fc^^tt® (AS) <z>m 

iWt, ^ii^Wiixr^x~(SCN-)-ex(2 f 2 , -trf 
y ^ ;b_ 4 ( 4 ■ t) ;u ^+ > u - h yi> t x ^ a (ii) -c3l 
£ft£;U^x^A£g{£<D?gg3 x l O-'^U/U » 
<£>x £ y - Jl/S«i&iH»l/fc. C ©3t*»ffit*j&«* rpml 
00XfcT*-«lC»T, ^»fc«P£»fl«l (AS) ±^ 30 

* i &c^-r. 

[0101] jfeg»-feJl/Qf^iiR 

T*fe hx h «/^£x*U>;&--iK*- KDgffiJt (T-fe 
hx h : j.*w>*7-*K*- h) # 1 : 4£&&J: 

/C„ 40 

[o 102] BuisrpMt/cms?:— ^omffit i/, 
TTtmm-b^ (a) fcfiaRLfc. itm^)i> (a) « % 

y-7-*>a 5 b-£-r 1 0 0 W/m 2 c7>?SgO^<D 
AS*ft90" (-fe;US<t90' ) t«lt, Voc(^ 
@88ttS8©fflE> . J oc (|51K*J@»Lfc i#CC»n* 
«ft©«K> • FF (ffiiglB^) fccfcCF* 50 
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[0103] ^Mjgotiasg 

a&mmtv&m#m <as> (a 

C) ^riaSSL'/c. 

^-timcD^m u&mem : 10x10x45m 

m) Wggl 0 p pm©^ f l/>^-M^«^ 
cn^Ttli^ (AC) Xg7>7* (2KW, # 

*»fi»H2 0 9-7 0 6nm) *«W*l/, 5B*Wfft© 

[0104] Xe^>^JfiHHW<Z>«»©!R*** 1 £ l> 
[0105] 

a7W4LtB^*i730-/ FffrF (A-i) <E>#ffc 

flC5fia%<z>asMfc*jR*4 0 0 g*3 o»m-c«an 

Y K^-f F*»«*»jWl/rpH*9CCBIBEU 

2 5 0"cr5^Bi«ffli*fT^r^* 

^73p^ Ftt* (b-2) (DfrwmzmmLtc. 
[0106] ^mmm^oymm 

?^730-f Ftft^F- (a-1) (DftnWLS 7 0 g £?$ 
xr^P-f Ftt^ (B-2) CD^tfe^l 4 0 0 z*m& 
#«K**«*fflt^a* U te»«Mt p H 5 ten 

sl/c 0 oc^8 o D c-c5B$p H i»a^au/c^ tm. 

(B) *8BHLfc. 
[0107] »6h/c^»<k»ttiF9M[>tt«*« 1 fc 

ABiiBKkfttt^ (b) m^tcvmte&mmm^mwwk 

(AS) &|qW(cLT&KBtfb«^V»R (BS)^ 

^u/c 0 ^htitc^mmmmmwm (bs) 
m 1 tc^-To 

[0108] jfegg^Ofl^ 
*«»t***#« (BS) *ffll»fcJ!SWtt3a»«l t 

«H2^ (B) «rftBRLfc. JtS^-fe^ (B) ^C^^"C. 
Voc, Joe FF*J:^77S:»SOfc. tSJK««K^ 
"To 

[0 10 9] ^M^CDigM 
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tt&mwummm»m (bs) i mmic l x ymm < b 

0 zmmistc. 

%mm (bo jcoh-c. mrnw i tmmic ux®yt& 
[oiio: i tt^-r. 

[0111] 

[Xtt0l3 ] JTtt^OBB 

1 6 0 gr 4*6*2 0 0 0gt?f?5l/fc. cntc^g 15 

as%©r>*-T7K2 3 o gimijai>xija7k&Mv>. 

Ti0 2ibT<D?^tt*5 2fiS% 
©f*-7t h'ayM? 'J- 1 5 0 0 g£f#fc„ 

[0112] C©^£-T fc: FayjbX-5 U - 1 500 
g&C?gg2 511%©^ h7^^;UT>*— 'Olx'^A F 

F*?§?£5 4 g£85ftlU our-*- F ^U-^ 
+. 2 3 0'CT?2 0^FH«iS*tf or f$-73a-{ F 

(c-i) ©^«Hg*pss!bfc„ fe.n/c&^ofii 20 

IhISt K: «fc <? )\s * b * £ > X * o fc. 
[0113] £/*Jl^gtffltfry-<PBMI 

)Vf&^m^-t Lxiz^mm 1 * - r 3 n f 

(A-2) ©»t«S*ffl«,>te. 

£ -T 3 D FtSriP <C-l) ©##£$ 6 7 0 g £ ? * 
FtSHF- (A-2) ©fl-tfc&l 4 0 0 g£jg£- 

SSl/A:. oii-C8 0 - C-C5B#^ftj^5nabfc^. 30 

stable** t/c a r • ->*JHSjt*w^-s#)ii^L^!a 

[0 114] &MMi bft¥aHEBlc«Bfi8 
&WHMb«ttfrf- (C) fl!C>fc^*£J£&fM&¥igftIg 

(as) tmffiicu-c£mm<m*&#m (cs) 
RRLfc. »&fta^feJMWb«MHSM*« (cs) ©Mii*s 

ai i tc^-r „ 

[0115] jfclltJWM 40 
^R^b«J*ag»JS (CS) *J8l>fca*ttJdtMl <k 

m-fe^ (O *fMSLfc. itssa-feju (O tcoor. 

Voc. Joe. FFisi^rjaiEL/fc. feU^SlK:^ 
[0 116] jEfi$&©!E)fg 

1Mb s 450 'ct? 3 o ft?$mm u fcti^ 

«^M^b^*^<$^ (cs) tmrntcL-cjcteM (c 
o ^gsiiSLfc. so 
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[0117] 
[IW60II4] 37jj 

3 7^t Lrt«Qt« 1 -CiSi^ b/c^d7-T3 a ^ F 

tt-y- (A-i) ©^tftK^ffli^c 

2 0 0 g ©ig<bEI8£ifsE* 1 OLfcjgJBU rciV-^ 

*-T* 1 5 0 0 0 gtc^ffc^-tf. =*- F f U-:/*. 
2 5 0 -C-C 5 B#P^S^tf -3-CKE{b®IS3a-Y Ftfr?- 

(D-2) ©#«**W«t,fc. 

[0 1 18] ^^{b^^©lSSg 
f^73Q^ F8i^ (A-l) O^M6 7 0giKit 
ffiiS3 p F8W- ( d-2) ©#tfc& 1 4 0 0 g £ig£r 
*WM*»iR*ffli»ra^ly&»tSflS[*pH4«:si 

Ilfc. o^-C8 0'Cr5B$^«ij!aS0/cf^, #J5i. 

ift»a*g«or3T • t^Mf@£Wir£:£Jiig{b^i& 
-?• (D) ^iSiSbfc. ^f p>n/c^jHig{b!B5fi-?^©tttt 

[.oi 19] ^mmi t&m»m<o&f& 
smrnvto®.* (d) m^fcamt^jsmim^mwjgt 

(as) <ti5i«tcbr^si^bfe¥*^ (ds) 
mLtc »*>titc&mwut®mm#m (ds) ©jkj?** 

§? 1 (CtST. 
[0120] jfcl^-b;KDM 

^n^b^jsttfli (ds) *m»fc£tf*tt*afc«i <t 

isj«cc^ii.®*t©©#. Hfl?jt?if&©£tA5£% L/ r^m 

m-feJU (D) *^fi£L/c„ (D) (cot>-c. 

Voc. Joe. F F *s«fc CJf 77 5&'»J5£ U/c. te**^tC7n 
T. 

[0121] ^tmmomu 

wits *ttc&, mm* 450 *c-c3 o frnmrnutcMtt- 
tt&M»ivi)&m*K (ds) i mmx. l xmm ( d 

C) *P)S20fc. 
f&±Wffi 

yam (do cco^t. mmmitmmicLxm.^ 
[oi22] mgk&m i ic^r. 

[0123] 
[HJSWI5 ] 3Tfe^- 

aTfi^iLtBfi'-Tnn-f F&^ (a-i) ©#ffc 

5 g©*^? 1 ^ 1 Ltcagso, cntcjg 

fi5ftS%©iSi${b7k^;>k4 0 0 g*3 o^-c^jn 



(14) 
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u ours o'cicmmhrmmb. -^i^+v*^ 

pHSr9KiiMU Ots-C^-- h fls-yp, 2 5 0'C 
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